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i<r>mt. 

±mm 1 w^rtuffM^n, ±.mm i (ommnm i wii 

>x^ftfii-^§^ 1 o*-- Ki. 

<7) A^J IctStt f> n/c-r ^' n u > X ^ 1^ 2 

mWMi^^\^tz^2 «o*m?-v ;u ^ ^ -y T"-* V i - ;u 



tL. ±gS^l St>'§l2<7)5t1l£i=-7;u^^ y T-^vi-^v 

assist, 

0 ^iST- CO ng T-5t«-f - ^ a ft 1- -i. m^-T^;* V i - ;i' „ 

t>ix. -^<r)m<r>m'^m!<r)^i)mm\^tzm<r>itn=^r^< 
±9i^-')-7-mi:^m.i^&tfirz^m(r>vc sELm^ 



<i^m 2000-114581 (P2000-114581A) 



IiS*JS 13] {a) K*tf4<7)® tffM-t -ax 

fit, 

(b) 7tlE^-f-vT^-7,<7)^^^< t fi-as^^^tf^-^ 

( e ) Sffi<0±t; V -y K+.J-*3|-(D^ ^ff^-t^X^li: 4- 
[iB*ffl 14] ( a ) 9 y K*t#0@4-ff^fiS;-rsi 

(b) 7 K*tfl-co^<75_hlC3r*t*4-0®^ffM 

(c) ±M::^Ti(m<r>m\^'.z±m&.^'kmmiri,T.i^ 

(d) SE(0±lci'^v Km:|W)i^ffMi-^XfIt. 

( e ) ±feSffi^ J; 0 W-mt-^hfztb±%^ir y -y y^m 

(d) r/^•-■f-•v*ffM-r'^.7t^6±f^v;^^'^^/^•^'- 
-v^^i-^xfit, 

(e) i^=fc< t ^j-ocofflJilTJM 5° co|lSt4ftT-(S*fL 

/ <- -f- -v 1*3 Uff^ sKi- ^ XS i: , 

(f) Xge-^xi'^^I^Stii-^I^lt. 

(k) 4 5° T-(si^4L/c±fefflij^<^^i'^^< t ^j-as^ 

(h) ±fBh U^^cD^O^lfl^gC^co^Jl^cOi^^t 
f»1SS-T:^(;x-yf->i^i-&C tlli 0. VCSEL 

(i) vc s E L t*-/^*f±fe3r^ut£^?tL, vc 



^JS^C0Tffl)(C[fi]ttTVC S E L^ffi^-t^X^t, 

(j) ^iiffi7!)f±fevc s E L-^omsiem*^^x.^ 

<t T tc±iEVC S E L^±f£&)S^U«^1->5.X#t ^ 
[iS*ai 6] (a) flXl9i'l-Lnrflg^S«4-^®-r^ 

xet, 

(b) ^M^^±IBffi^50OTl^«ffl^^t-^.XfIt. 

(c) ±.ti±mmim^.f^y vRrfmm\~^<9-=.>y 
1-^xet, 

( d ) T-/ W ;^ CO ^® M ^ ? :fi ;t ^ * / 1 7 
KtcSBSi-^XSt, 

(e) ±iBjsBiT'/<'f ^^xtB^Jis^si^s-g-r^x 

fit, 

y^i 1 ^J':i±cO'-K';-7-^-e^5fflt-^xfi,!:. 

(g) _hBB«^itii^=^W)ii-'&xet, 

fiSi-t^xei:. 
(i) ±fiBJjX0i'1.LBieg^S*5^l?^*i-'5.XfIt^^ 

So 

[ii*ai7] (a) ^1 W*1S^IXS-t.2.Xfii:, 

(b) tt«tt^<>7TS*±tB^l (7)»*g«7)aH(;BfiS: 

(c) TaS.CK±ffi^5fr-t*«t5c«7)?^mf'^<'f >^OTM 
«: XIB^< y 7 T ^ 0 -ft tt ^ Xfl t , 

(d) ±fB^<y 7T®lcJR<9ftlt'bix^TffiSU''±ffi^ 

1 ^ J-:l.± W -i^ 'J -7 - ^ -CteSi- ^ Xfl i: , 

(e) ±fB^a^«ii«:*6if»i--l>Xgt. 

(f) ^^^'t < t-oco±S|5®ffi^i^^ < i: t-ocoijij 

(h) ±mmi(DmmiM'om<j:mt. 

(i) i^^< t fc-ow^ffi^±fB^-i5:< t t-oog? 
[0 0 0 1 ] 

li r ^ n -> >^ 7^ A ^ jg^-r s fz ubim^ni- *m 

{i^-TY x-v^ \.u-^7.) SIS, jtt>*lC. cwm^- 
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[0 0 0 2] tfz. ^^mit. MCM {-^jl^^yy^ 
(0 0 0 31 

:i(OXn ^j:^m'y x A (DfflHil^g*' h ;u ^ y . 

SgSt t;m -r^ Tm$V«-^ * (c te^ S -ti: i6 (± , 
[0 0 0 4 1 

CO 46 ^ ffiu i±, L t ^ V > * ->' ^ - 
±^^■^^0 tfz. m-^(o±mm±. m^-^t (eo) 

^^RU'itW.=F (OE) ^J^iU^HLTJ; OSv^ilii^ 
* L , * V ^ - ''I' fz It T-«fiS; $ * V i - ;u Uit 

[0 0 0 51 ±set^**$#TWFp'j51,a;^S^jfci- 

[0 0 0 61 

if&3J*'^'^;?fM^^^Tv>*^2 0®^:. ±fS^io®rtu 



[0 0 0 71 gg*Ji2 tife«?n/^3^i§i3guj;^7fe^fif) 
[0 0 0 81 i§*3i4 tcfett$n/c3^i§B^(zj;^7fe#SD 

7"/^ -1" :^ O m l^lStt lb H;::-? ^' ^' n u > X t ?r^ffi 
±.tZ'^im=f-7-'^<'< 7.o:>Xt)\zmiihfifz-7-i i7uv> 
Kt±fe^2co*-- KI4, n\:E-Ltz7.^ -y^r^<^ 

[0 0 0 91 m^m6iznm^irfz-4^^mi,~xi>m^(o 

izm^-r^tzib'j'-^^i ti> i^<r)mi&m:^mifhnfzT 
mmm ^^mt^zmi <75*«?-7 )u^^y ^ - ;u 

-)\^t. ±$im 1 <nitm=F-7 y y'^ ->' a - ;L'®. 

2 <7)7feM^-7 ^ -f- y 7'* •>' i - ;K75Tfficoft jS 

t-BEM^n. ±mmiRvm2(Ditv.^-7)\^^^yy'^ 
[0 0 1 01 mi^Mi \z%m.^ixfz:^^mr~i.i>'>^ji< 

mitj&tnfzmm. ri>\ ■S:W}^<')-7-i^is.mtmi^& 
t tifzm.%m^tmtb& t tifzm.^ytm^ ti:MmLfz 
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[0 0 1 2j imm9i,zmm^tifz^^mi,zx^&m<r> 
^i::iifiH-t^iet^ i^^< t '^>-c<om^e«)^g^7i>'- 
[0 0 13] M*ai 0 lc|£«c?tL;t:*^i!>5i:J;^5t^ 

[0 0 14] iS3|?JHi 1 t;ie«c?n/:^|gi3^t;j:^^is 
T^-iaiscovc s E L^^-t, ±iB.-K'j v-^tca*^^ 

ti/c1ifii!t<oS7fe«^-i:^^tj-o i»*Jll 2Uie®^n;t: 

ff^^ $ V ^ ^ "J -7 - t , ±fE*«rt u see § 
tL. ±t?.mi(r>mRx/±mm2(r>mt±%imimt(Dm 

[0 0 15] tmm 1 3 iz%m^irfz^^mizx:h&m. 

<7)§ajg*Sl±> ( a ) ^yy V'm^<r>m ^ffMi-.&IfI 
(b) *m^-T'/M;^Wi^^< t 4)-^53-^^tr5 

gt. (c) 3T#f|-75f±sB5--f--;/7'lC^f«-r-&J;T 

*tW-<7)®4-?fMi-*IfIi:, (d) ±fe3-^ y TTtj-r- 

(e) ^EW±(i*'7-;' K*tfl-c^^4'ffM-r-6XSi:^ 

[0 0 16] iS*Jll 4 UfE®S.tLf^:*:|&t5gi;J;&S1S 



fiK-r-S.Xflt. (b) ±E*'^ y KWfl-(7)^(0±ti3r 

i(m<nm^'iiiWL-thT.m.t. (c) ±fs=ir^vj-ftw@i*i 
ic*2»?m^iifiS;-r*xet, (d) ^ffio±(ci'7 7 

mt-thtz>ib±.u^y y Ktt*i-^?ife-r^xgt 

[0 0 17] fS^ffll 5 (ife«^n/;*l§?guJ:*7t« 
^•26«<75iii§:^r£li, (a) *-'J-r-Tffl]i' V -7 K^^- 
gll (TJ^ISUJtW^-ti-'&Xgt, (b) **'Jv-nr^ 

4- ±faTWJJ'9 7 K^(cJffiffi^-ti:-5.XfIt. (c) ■vx 
^'ffi^±fB3rSOSSl^itt«?-t^-2.xet, (d) r 
/ - ^ ?r JfMi- -i. ;t i6±iE V X ^ ^ / i' - ^ > i^-r 
^Xfii:, (e) ^i'-^ < t i{>-ocoflJffi74U 5' <75(iS^4 

■?-^±fEr/^--^-\'l*)UffM-t'S.XfIt. (f) ±fE-7 
;=^i'^^pa*i-^IfSt. (k) 4 5° T-|S^L;t±K 

a^t^^jSfb't-S.Xgi:. (h) ±feH^>^fiOJS«0 

i-^CiHit). VC S E L;0^"Jf A&n-S-iitiltr-* 
«0-g|555-^|5S?*-t-*Xgi:, (i)VCSELf-A 
34f±fE::Ir®^C*g-g•?i^. VC S E LW«^fim*@75* 

(I. VC S E L(7)|&7t^.^±fB^M^<75T(ilJi;[S]tt-CV 
CSEL^BBfi-t-SXet, ( j ) ^ilM7l»'±fevC S 
E L-^om^SmiS^-^x.^ <t T (cXiEV C S E L ^± 
BE^^^ tcS-g-t ^ X@ t ^ tr o 

[0 0 18] iS^JMl 6 llfE^^tL/-: ici^*-'; 
•^-iidffiibiiS n/j:)t;m^-T'/<'1' ;^<^ISii:^j£li, 

(a) ^i^HLBrtg^a^^-fStti-^XSt. (b) ^ 
JDS^XIE^ISOSHlciiffl^-tir'i.X^i:, (c) XfE 
#® ^ ^^ * ^ ^' y KS C / - - > ^ XfM 

(d) m'T'U 7~.<r)^mM^M^nm^Mz^^. 

/^•■>• K(-S2®-t'2>XfIt, (e) XIEi^Mr-VN'-TxtX 

iE^^«*tsi;«^i-^x?si:. (f) ^mt^mm.w 
^ffM-f-s/^*, xfE^iBg7'/^''f 1 ®j.:jlxw.-K';-7 
-^•c«Si-^.X®t, (g) ±fEIS^tgia<*:^Wigi- 

^xfsi:, (h) mmm^.^w-mt^MzizMM^m^ 

f*:(/)Xt;}fMi- -^X^ii:, ( i ) XiElJtljnLBTt^'fc^ 

[0 0 19] iS*ai 7 lllEffi?^/-c*^I^Ui^^*'; 

(a) W3g^StlS:Mi-'2.X^It, (b) 
VT^^XIESI 1 co3£1gcoSiffitcffM1-'&XfIt. 

(c) TmTkif^m^^-ti>m.^<r>nw.y-''<^7.<r>Tm 

5- XIE/N'-y 7T^U|Xt)#lt^XfIt. (d) ±BE^<-y 
■7-^T-tt?g-r^Xgt. (e) XIE«^1»igft:S-WlS 
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mm.^.^±mwfm ^itf2m'Brm^i$<r> ±mizM^i-i,x 
<x@t, ( i ) i^^< t-t-o (7)1^11^ ±feij/;&< t 

[0 0 2 0] ±fao:$:f6§go— ffiliiiilf, ?i5<73:*c§v^ 
K V -f /<St>'ltilii^<^'£-S14*^* < ^ BIROS 

ilMSO-'Tfe^^-f y^f^f-f X gEPff) AMsEffl^ 

m^$. (cw) xii±^<'y-n^<)uxmmtLxmm.^ti 

t -m^ KMf&i- ^ ; t tc J; 7fe«3S<75ffl*tifi« S 
fi. it* y:^') yvnmi)^±.^^i>o tfz. ^'^m<r>\'^ 

^ o- -Sr^H^ (cit-t * 7t/ < 7 - li . ^'i-g|55t^ -f V - ^ ^^ffl 

S&«ffifb:^yiii> vcsELiRy'LD {v-^'V^-^- 

10 0 2 1 ] *l§BJ5<73glJ(7)ffil±, T'vWXSt>V3Z.(i*t 

um^. vcsEL, 'Siitmi-. ^x-T-^-f-, u- 

-^--J^-f :f - K ( L D ) , K7 -f /N'-f- y 7\ l^ipi^^ ■/ 7' 

u -7 - ^ 1*1 T-5fej|£?m t «fflft-r ^ ^ t ^ (c ? 

[0 0 2 2] ■^^^^(nmnmit. 9 5 ■> 3 > (ra^;>c 
ft) eL< KT -yT- mmit) Wi-j^jgia-Zo 



=7 'f 7\ l^ifi^^ y 7'^ f^H fit-r '^.;L'^6ffi©•r 

[0 0 2 3 ] *iii5)§</)M(;gij<offii±, mm^tirzmmi^ 

- > i'-, 5. y-\ > * ->* ^ - ^i- ( F 

OLM) A^^ta^o fiS^iili. M^mmJi^f) 

mmi±. *8im^n./zm^m:MnzK^,-t^:it{zi.-^x 

[0 0 2 4] ±i2w#^gtii, mm<r>'!i>mmmimm^^ 
i>ztt£<. ±m.mit^:s.miM^m.^mmzmB-ri>z 

itfflsaisw** -y -T-'j >irmmi^^-r^^t*'x-^ 

-)V(omi)^W.mtLX7r^^ixXy^^i,. Lj4-L> *i&b;!<o 
m. (PCB) , •f-•yy■t^-'^■X/^•■y ->--->' (CSP) , s 
[0 0 2 5] 

Eilis*® \Q<r>mi m.m.m(r)^i.i^Ptnmi)^n^^fix^^ 

tfflv^T, Hl^L<li^Si!cWI C^y7'l a-l d>4^ 

ffiSilJS * ^f T ^ y -T-* ->' ^ - ;u ( O E - 

MCM) ft«C05f^st^^-ro Oli, ^-XSISl 

2 tf§14^2 Ot^^tfo ff14®l4> 7e;»ffi!&2 4 a- 
2 4 h Tfe^^-X ^' y ^>^^-7'/<'1' X26a-26c 
t , S^T'y^'f X 2 8 a - 2 8 c m^^lS&3 0 

I c^•y7'lffl<7)m^^f^5c^^•■y ks 2 1 ^^tr„ i c-f- 

■y 7'I4, rSti® 2 0 U 7 y 7'^ y 7'^tcffl.^^#lt ib 
^a®C<^ffi:tW5' -f 7'cr)ffl'»W=i^-i' 2 U J; 

2 0 <r>mm^^ -y K 3 2 um^ff ^ ? ti'&o -mtL 

X, m HZfji^tlh X n iZ^ n ;r- 2 l±l4^/i'/^'>7' 
t)tffiS;?tL^o 7£iifKS&2 4 ;&0-'7lcfE^7'yWX 2 
6S.a''2 8li, rStt^2 0t-ffi<?^iii ti, »t L<I4, 
rS-14^2 oica*:>di*H^cor% rS14^2 0<7)±Mi±« 
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[0 0 2 6] ^ y ycor«^Ofi-t(±, m^*1^3 0 ICcto 
vo.-;!. 1 0 tciST^^a. *2g?m2 4 a lit^^^ti^o 

TfIj^rtU4 5^ (Dm. ^=f-^j:t'^m.^^^. ::iri)m 

Xfy T ^ - V r U ^ ^^tf7t:'7 T ^ =^2g?SKtw 

|g^-r^Ci:7:>^'pIt&r'$,^o ®7m2 4H?&o 

L<ti. ^^J-KtT^TtTli^^SlJtT^Sr'^i ^"-JK^#J^;^^^^iF'g' 
C7)iifm4 b5.C/2 4 c ^7)FplT'53^#J^n^o ae&£&2 4 
brtcOTfeti. •;'-f-2 6 a tcSBil^^ti. ^tm^- 

2^s^7)^g^i/^'7 ks 2 ^^ltx^t -7^-223 tcf±t?&^ 

[0 0 2 7] SrS£&2 4 d (i. ^-^2 6 a 

m<r>^m.y^ y K3 2S.t>^:::^ ^-^^ 5^ 2 L T y 7' 1 d 

<nmmzmm.^nfzn%Kii^^ir^^2<Dm'±7.^ 

y^2 6 b{z^^^'/}^mfhti^o ;^>f y -^-2 6 bii. 

ass 2 4 d izmm ^ tifz 1 moitxti t. w i d ± 

^2 6 bli. mim2 4 eSt>^2 4 f iZ^tl^'timm^ 

tifz2m(r>itmt)^^-r^o -7-^-2 6 b-^com^A 
fprtL;ii^<7)7tm:^/iissi^-t'S)o x-r 2 6 b<7){f5ffio- 

i^Jii, E12S^'3 =^#H3LTgi^^n^o 2irSie&2 4 e 

sc/2 4 f±co7tii#ii. 2m(D^±ry<^ 

X 2 8 bSt>*2 8 c izmi^^tl^o STtr'/^-r X 2 8 b 
^^L. m:E^Lfzmm^^y K3 2St/n;r>i^ 2 ^^r-L 



zff^m 2 4 d (Dmtiit'Sim^ 28b^L<ii28 

[0 0 2 81 mi&.Lfzmmx. mim2 4 c±07t/w 
ffli^tL^Ttm-T-x^f y^2 6 c iz^m^ti^o ^m^ti 

fzitlhtJi^. X>r y-^ 2 6 c OTtmt/T&^'bTt'^ T ^/<5 

;t>i^^l5ti. -7 T -r^^^S 4-2fffm2 4 h IcifJfi-^/.- 
^^jffiffl^tL^o ±j^(om^. m^m^- h*m^mi-^m 

conrflitl^tc 4 5' co^, ^^^^ t^^m^&^. nr 

4-mff^1->^»fm2 4 c aff?m2 4 

c iiiff&£&2 4 d ^7:i^';b7!i-^o C 

<Dmi±m4^mzii\\^hti^o 

[0 0 2 9] ^Tt-T/^^xii, 7t:m?-"^>'i^^^ y-tv 
^-;H 0O5^^g|5;6^(b7¥:m^^'S:fS-r^/ci6f£ffl^n 
't<D-mt LXm^tifz^itm'¥'2 S a li. ±yr 

4^^3:^^hmim2 4 g^^LTTfefs-^^sfii-^o a 

-^cOV^rj^.^ ^ 1 3(±-7T'f y<3 =£-2grSS&2 4 g tcg 

^ii^'^ffifflLTt* Jiv^o St^t-Vn'^X 2 8 a (Dn^lhtl 
(i. iiSt/^"-;' K3 2^^/='^^^ ^S^ 2 ^^LT I C^-yy 

[0 0 3 0] mm^tiX^^^£\^^y)^. TtiSrmti-^-y 7'c7) 

in 1 tC^^fL/c2i?^^S&2 4 . T-V<^X 2 6BlLK2 8. m 
^^m3 0. +SS:«^^^'*y K3 2. 7r^/<3-5. S 
^yy^KDmit. mm^^j:^T^^^^^<r>fzi6^b^\^^ 

imzmn^ir^o ^ ^ y^iktfy r ^ ^^m.^s^^n^h'^m 

i??i^tLTv^-2,o ^mmrm^^2 4 Oipsli l mlbm. 
5 0/^mO:t-i/-r'*»9> *g!fi^J^ I C-f-y ^'CO-iS 
<7)fi^(i 1 c m7!;M4 c nrC^^o ^^filJ^-r'/NM x 2 
6SLK2 8 1 mJiSS 0 // mO:t-^-'C* 

(r>Wc^X:^ho mUm^^Ty<^ 7.2 6SC/2 8<7)M^ 
li> 1 // m7!;M5 0 0 0 // m(7);^-^^-T^*t9. 
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m^^^j:r^<^ 6RV2 S(Dm^. -T^t?^. «S:^fS] 

®iHf*7L^n. ^>^":^com^*ST-fiJt*E'L7^^i com 

[0 0 3 1 1 m2izii.^ *mT-X^ •;'-f-2 6 c <7)^^ia(7) 

4 cSe/2 4 h ^^tjc^^^x^ -y^2 6 c i7)±M[il7:i^' 
^^tLTi/^^o (112 rS14/i2 0{i. J=^5 

m^oif ^cor7rt^ftco/^'^- >fb^^^^^ 2 4 tiJ; 19 

m&^ti. ^z:^-hmm(7ym^m2 4 a-2 4 ^m^^ 

L r T- ii 4' V ^it^ ilKfi^ liffiffl ^ n ^ ) W 

V y 2 1 0±tcff^a^ti. 112 ^ ^ K§ 2 3 
lci:orSM^tL>So ^^vK^ii. igr^g&2 4 0fflj® 

0 4>;^v^®tff$^^i-'^o ^ ^ -y 2 1 R:f-2 3 ii, 
^±la<7)■7 7«<t:if >; ^ ^ -r'o p I - N 1 0 0 s^i^-'bsaf^ 

hTii^-e^. nr^ii, 0?iJ;lif. Bja^^ :^;bt±SI 
(7) -7 ■y«ft^1^''J ^^T'OPI-N340 5:^-hmi'fir^ 

[0032] X'<-yf-26c iiffitt^ 2 0 lCili6iXS 

ti. -^-toTffiii^-x^is 1 2(o±®i:jt^r^i-^o 
A) itmm^. ^mi^±y-h7^ y^f^t'^'^tti 

'2>l£T-7t: (EO) 2 6(7)^i$:g|5tiJ: *5fSSc^n. 

iffr^t^ 2 4 c t 35 2 (7)^:^1 igfSfS 2 4 i t OF^ <7)iiii-t 
-> 3 > m^;®rftSS2 4 h ^<7)iii§-t ^ V 3 >(7)*fi 



^ftho *t#6 2 6ii. Xf}m\m2 4 c ^m:^Srg^S& 
2 4 hSC^*2 4 i ^OPaTcT^^lKUl^ltfbtL. v y 

2 1 t^y y Km2 3(Dmizu^^nho ry<^ 7.<Dm 
%t^i^t Lxi,mmirh2m<oH\^mm2 nzx-oxm 
^i)'m\\^fiho m2<DMmm^zimm^n^j:\^^m^'m 
mm2 7^^^<Dmi^^<y k3 2iiii^-r 

Ji^^^'-y K3 2 (i. (I12 tC(l7p^:ftTV^^\/^7:)^ ^ 
®<7)gifflj-C(;)fSM7>?ffi[fa'C^^tiTv^^^ mis 2 7P^H 

mamtm^^m^. ±im^m2 4 c^^hmim2 4 i 
iTiii§-t -> 3 >ii?&oTji^f-t>6o mffi2 imizm 

'ji'i)^^1jmi^^2 4h(n^[zKhXo\zmi\:'rho ji^ 

^^^^ 3 y^KM^tlho 2 6lt. * 

4fa1=Sl 5, 4 4 4, 8 1 1 J: d 

TfcWWe 2 6 (±> A 1 X G a i-x A s /A 1 y 

G a i-y A s OJ; ^ ^tlll - VSOft^i|&7)-fbf1^ ti^ 
^i5:OftT-#^rVs:^xS:?/a:T- K-y J: ^m^&^fi 

x£±. enJ!jp^tL;^j^Mrx(7)r^SSr<h LT/SW^^^^t^ 

[0 0 3 3] -fl^fi^jn. ^S14^2 Oii. 

TffM^tL^o w.T<7)i^B^r% astj^ffj^ti. Mi&mR 

[z^ tf rS?/n > ^ h^c7)?FM^7)ffi:^c7)M^'ti:=^:i:(* 
1-^0 "01)^ LT. ^ ^ y 2 1 (i. 
1Sl2±UffM^n, ^Atl7tnT^2 4C7)?F^^B:i>^^^-^' 
-:z.y ^*i)^^t>fl. '^k\Z'> ^ y Vm2 3i)mfS.^fl. ^ 
^^r. m^^Jl£&3 OSt/fflSillS^^' y K3 2^^'ffM^tL 

7t:mT'T'V<^x2 6Sl?/2 8li. i@gijli?f^ffi ^ 
^^yYm2\ (7)ffM+^ L < ii:?fMft. ^ ^ y 

K^2 4 0ffMf^t;rStt^2 oua<;^ji^n^o 
ctoTIi, TtmT-T-VN^xii. § 2 1 - 2 4 coffM^^i:: 

2 6c (7)Ta5mffiti. ^"7-^ Vm2 \ (nW^^M\zM^^ 

ti. mit^tiho co^ffiii. rn^mime 2 e<D±m 
^rm^-^h/ztb^mit^nho ::^TmRr/mm(om 
j-itm^e 2 6ii. m^m2 4 cRi/2 4 h. 

9->^Mf&irhfzib. Pllxl^, f^*607 ^ h u-yx h 
< (i-7X^^^<7)/<5^'->ji>:ri:. Jiy-^v^^'i: 
^fflv^T/N'^-^>^^^ti>^o y K^2 3 i:. ±3$ 
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IRlf^^y K3 2 W^Jl^li^^cUffM^ix-So 
(0034J I2I4CO (a) li, iticm=f-r^<^ X 2 8 c 
wl^i»r<Dffitt^2 Ocog|5»-Brffil21T-*t5. I^EIO (b) 
14, ji?m2 4 f <!:*tc$7£Si^7'^<'f 2 8 c ^Tp-r 
±ffil2IT-ai5^o X-f 7^2 6 c tlHlItt;, ^icm=f-ry< 
■{ ^2 8 c liliitm 2 0 UllAiii -?-C0TMI±^- 

2<7?±®i:itifi]-t^o ^wc<r>^^j: i>mm(r>mm 
mm{~ifm^tifz 2m(omm2 ? tux lomitsL^ti^^ 

mzmm^ti. ^?ss&2 4 a- 2 4 i 'tMi&-timi,z^ 

y y Vm2 1 -4^^^ 6 2 8(DUW±M.U 

^tifzp nm-^t. —i5cnmm2 7 {zm^^^^n/zD 
mh'-y'hmi^t. te:^ corns 2 7icm^««!$tL/cn 
mv-^hmitt^^tsfz^mmmizx ^)mf&^fi 

mL/z^mmm\zj: i^mm^ti^o a) ^mi^ 

L, fSl^of£j914l4iti:*:-t^<, cnuJ;i9, fz^^o^ife 
«^ti»T is V ^ T i>*QT- * -I. ii-^colt m (alS&i:: i o T it 
ffipieg>&m®2 yf-B^coigmttTi^^^ti-^o i;'^, 2fi<o 
:t - A tt^g * ^ fi £ /-Mttiiijg«:(7)fflf^'t:$:«:gB ffl 

^7 + h h 9 >- vy!.5'<73J: T ^ J; i9ffli^^S*^?-T'/< 
'f x^-jgfflLTfciv^o ^^ib<7)T-v<^x<7)ti?iSl4fi£* 

njii±(D(pijM(;ssM-r^f-i6a-&$nf#So 124 <o 

(a) l-:fcv^-C, S7t:^^-»S<0I1^I4. igrmconr® 
L, J: •9-fiXfl«)(;i4, S^t'^^05cb^flt;:&7tM^^5B 

[0 0 3 5] ±ie<Dat), *«?iJUJ:^'t*Sf^-r'/<'f X 
2 8 cl4, SlJ«lcSaf1;^n, y K^2 1 <7)±gi5i;sS 
ltf>n. mi&¥^2 4 a - 2 4 i TifffM^a-SfJlli' 7 



T«BE?^x-i>*&^, 'SifeS^T'/W X 2 8 c (4, ^ 2 1 
if mm L < (4ffi«14^:>c^i;*-i> i (I® 2 1 iriS:^ 

ivv ^'^-y K®2 l7!»^mi(iJ:t}«fi£^n^*i^, 

-*i«140*#:g|57>feeSHtr(c-S:7tST-f'/NM X 2 8 c O 
S®^cftS#^li^^ '^v^t», T-VNWX2 8 c ^^2 1 

ii?fiS& 2 4 a - 2 4 i ^^-'±815^' 7 -J 2 3 14, MH* 
(ifM^n, /NMri4§:)tf^^-T'vN'>f X 2 8 c corns 2 
7 ST-ffM^n^o ±gBp« 5'7^-tf--> 3 >®(4, 114 
<7> (b) lc^«ar-^^*tTv>^ J; T u^SfS3 Oat/^^'-;' 
K3 2 irm^fzi^miSL^ tl^o 

[00361 114(7) (a) (7)f'/<^XI4, ffi^-g-t^^n 
^-x^lgo^a (sgVM4, ®^t®2 1C0±) IC?FM& 

ti./^«SvSif&icffitJc.-K >r-<>vi-^ztizxy)i'fm^ 

tztbm^^fiho J^r^'^y h't^mirhfztb=irU^ 

[0 0 3 71 :^^mx'mm^tii>-§:itm^ii. m.^^t> 
^tifzt' ■y(r>m=Fiziim^^n^j:^^o Wxif, -^yh' 

nrm. 1-=fct?*>, *7!i>*AWi--S>^Ei47t^S:§-t^,t. 

tf. 115(7) (a) SO-' (b) (4, *%H;!lcj;^S^t»^ 
(7)SIJ(7)»S Lv»^iit?iJ2 8 c ' ^^L, [1I6<7) (a) R 

1/ (b) (4, 4§imizx:b^itm=Fm>i<oijt L^^mm 

e^J2 8c" i:7f:i-mx-^^„ ^ ^c, (7)||Jfe«l4«Jia§7t: 

■S:itm=fi,ziimmizmm^tiio mm<r>m<o. ■S:±m=f- 
i)^hm.i±m^i:iiiyj-rhrzt6n^m)Li)^-i!.'mx'^i>o m 

5 CO (a) (h) ICTF^tt^ J: T IZ, MWffitJL2 9 

I4mi=-* • ^*-igi=-6 2 8i;-f*:ft?^*o sK>'W4, b5 

mm^^^t:. CTx-if, ffitji2 9 co*gB»f T-m^-* ■ 

^6 2 8 ^;ffi<^ji^T-^) J:v>o ^co*i-g-, ±ilJ/N"-y K3 

2(4, ■§:itm=f(ommmmx'iirj:<^ min^^mtuzmm 
^ o s*ii??-(7)ai«miii4i#iiigff A^j izim l x 

t J;i.^„ 13 6(7) (a) Rl/ (b) t:i4, t?ijx.lf, 3 0 0 
nin(7)lpgi t, 3 5 □ >(Oi|igi:, 5 0 0 5 o >(75^ 
ftt < U^fz^ i C rBIS-^trglJco^l^ 

mtii2 9' TSf^&fiTV^'&o ^7tSI?-l4, liipits'f > f 

- 5^ > X ^-^fflsj^iz i4« i^asj;t(7) i 0 ig a 4- m^ia 
mmm^j:r^u ysmi'fff)fzlb^Z'S^•mt ^fii,m^<n~ 

mx-i)hi)K i •)-te6-)lcl4, ®^4«j;i;, r/>r'> 
K7^'/<, Sgvw4, ^(7)fl!i(7)[s]S&7>n&<7)lf:Sl, 
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10 0 3 8] mi it. *l&^UJ:^*mT-fflSiiJ52l« 

1 0* (om2mmm(nt&±mmmx*^^o ^Kmm&w. 
10' imiizm^tifz&^ \ 0 tmuL. imnmrn 

m<r>l C-f-yy^'l a - 1 d ^^h<Dm'^'i:it') > ^ RVW. 
^^m<7) * ffl V > T ^ ;u ^ y -7' 

(OE-MCM) S1S</)?F^^^-to (U 1 
Si 0 ^[gI70a*Sl 0' lii3V^T*iiL;^c«^-t;ii* 

S&« 10' (i. 1 0 (Ditm^:^ ■y-^T'^^'f x 2 6 
a 5:^/2 6 bcoftt^lQ l::f&*T■V^M x 3 6 aSt/3 6 b 
^mm^^o ^^itT^U X 3 6 (i. ^« 1 0 <nity r ^ 

<7)r% S=K1 0' 117^7 T ^/<4 ii'^^gi: ^a^^v^o f& 
Tfer-vs'^ X 3 6 \z{±. ^it^-i ir-V (LED) . U- 

^fi^^:t-K (LD) . ffifgi[*ig«MSS:mu-^f (vc 

SEL) . 1:^-#^^L< iig^-K-y hr-vs^^;^ (J^I:^ 
[0 0 3 9] lII8(i*f&0>^Uct^§§7fcT-v<^7.3 6 bO 

^ 1 nmm(ouii-mmmxh o . n 9 (i^i^m 2 4 h 

ML/j^TfeT-VWX 3 6 bc7)±ffi[lT-i)^o X-r -y-f- 
2 6 c ^ ^Ttr-VM ;^ 2 8 c lifStt^ 2 0 tiffi 

ho %7tT-vw>^ 3 6 b(i. it^2if$(7)j: ^ ^f§^WI4-(7) 
^($95 6 3 6SL< li^-^^y^. 6 3 6 (;)± 

MX^/Tffi^c?fM^^^fc2^lcom1S2 7 <h=^^tfo 

Ktc J: Ofi?^^n^o ^CTOf&Tt-rVW;^ 3 6 b 
(i. gijfitcfll^^^. ^ K®2 l<7)±^L<(irta5 

y n 4r X ^ ^tr±!B(7)fi«X|I t'\Z^^ xm\m 2 4 

a - 2 4 i ^miSL-r^miz^^ y h^m^zmM^ti^o - 

tl ^7) 'g* 7"/ M X (7) f^§!|^£ U V ^ T ^fl * 

[0 0 4 0] f^S^^fti. S:7tT'/MX3 6 bOi^ V y K 
/S2 1 -^Offi^i:. 2ff?S^2 4 h > ^ 

Sft4'ic. ^M3 6 bX(i*2ir&S&2 4 hc7)/^'^- 

<7)T% 'S:7tT'^>''rx3 6 b<Ditmt)tmi^^2 4 h<D± 



tiho m&^lk:^^$ih^^^. :i<n'T-^^{zX'oX'§:itr 
7.3 6 b^^h<n±f)^±m^^2 4 h llAW^^^C 

[0 0 4 1 ] :z (Dm&T^jk<^n mii.it. 3 oi^^hm 
m2 7iz/<^Tm.^.i:i'^mirhm^izi,mmiz^j:ho ^ 

flit. r-i-mizmnm^j:$mm.m^i^^i-h:i t iz 
X^X (Mxt^. mm^tih') y^yy ^ RZ/J^y^> 

im-thztizx^x) mik^tiho ^vMi. /Wr?I 

m.\^x^rm3 0Ri/mm2 to^^msl. iis^a;^' 
B^^^-go" (Dnmx^^^-^ht,nizEmLxi,x 

[0 0 4 2] [HI 0 J: 'i)|&7fc7"^^M X 3 6 

b' <om2mmm(^^i&mmm^'m^ti. mi nzum 

2 4 h t *U^*T-Vx'^ X 3 6 b ' (^±HEl7)^^7F ^ 
tLTv^^, f^Tfe-rVs^^ X 3 6 b' (l, ^ - ^ y y 

(Xti^^) 6 3 6 H®JS:^n/cfi^a*^ISMSca:i^- 
-*f (VCSEL) 6 3 8 ^^tPo ±fS(7)|£7tT-VW XC7) 

^ 1 mmmx. yt:^'< y^mmi)^h^A^^Kx\^^ 

fz(Dh:itm^^^ . vc S E 3 8 ti. ^--f-^y^ 

6 3 6cO±ffitc^tLfiil:[^^c07fe^l§^^it^o K«6 
3 6 tin 2 4(7)TffliJt^**^> SI 6 3 9ti. *^ 6 3 
8 0Se7ttf-A^2$fm2 4 h t::SW1-'2)7'^i6, i"^ 
t^^. 7^^:HS^[ZY^^XKM^^hfzib. VCSEL* 
7*6 3 8 (DlE'mizW.m.^fiha 3 9 (D^Mit. 
L<i±. mi-(r>±\i-l^\znL4 5^ <OftS^^-to 7^: 
igvSi^ 2 4 h CO— V C S E L 6 3 8 (Ol^iZh 

rt:'14>f :^->j:- y^>^* (RIE) ^i^mLXi,mt>rj: 

jBi/tMrnmrn^ti^m'^izii^ mmL/z^jy^'v 
ymit^mmLxi>x\^-o m6 3 9it. m^i^. km^ 
mxitKMuni: - (omft(o±izmm^^h ^ ^ n j: o 

mmLfzmm±izmm^fiho Rm^m<omizi±. 

$g(Ag) . r;U^-^A (Al) .^(Au) . m 
(Cu) . (Cr) . ^5'>^^Xt-> (W) . -f- 5^ 

^ > (T i 02 ) . izmitmm (s i 02 ) . r)\^^i' 
imtTJi^^^yi^A 1 2 03 ) . mimrd (z n 

O) , a^fb^nz. (C r2 O3 ) OJ: ^ ^'ttttUi: f S 
fi£^ti/j^^t0mf*S53?*^^'^S :M^o ^6 3 9 0^ffi 

^^hm^-^j:mzimiti-ho mmm^^^^ ^^^^ n = 0 , 02 
ho mtmm^n^'^'^c:>tlfzm'k. m^^i±m±nm 
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ni tn2 i^i-^mm<o^.mizx^xmf&^ti. m 

^mM^-^^^tizx^mi>^^i>zmn^fi^o 

mm^ti. mi^:^^wm^ti^^^m^±i^zmibhti^o 
mirm^-^m^tmm^z^ ^h^\.-nm<Diih^^mm 
^ti. z.mmmmitit^m^<7^mm^r^X'oxm^nm 

^^(bftJt^tiff^o t&^-t;ov^T(i. 112 37!;S2 6 iz 

y^iiizx^xmf&^ti^o 
[0 0 4 3] mi 0 tw^^ti^ J: 9 ti. §§7feT-VMX3 
6b' ii. ^ y y Vm2 \ (DTlz^^hm^m 25b tcffi 
a6^S ti^o #&*f-VMx 3 6 b' 2iZ 

mui^z^M^ti^ X n iz. ^m^m2 5 aminm2 5 
b^mi&^^mi^z^-^^mmi 2co±uffM^ft^o m 

2 5 a5.e/2 5 b (±. ^ "7 > 2 1 ^ L < li T @ 2 
l4'r"4)fi|t?^v^o l§7tT-VNM>^. 3 6 b' (7)l£^i2 7ii. 

mm) o c(7)Jir^. ramffiti, -<-;<mm<^mmizm 
m^fifzm^^¥^iztm^^>r^>^^ti:h {m^^i±. 

ii. tl-tL<it. i&Wc^^yr^ >':r^rifzUSh<DTiz^ 

5 bom"K--:i^T^> y-y'^ffli^r i J:u^o VCSEL 

m^m^n^h^'kxz. mM^im=^\t. m^xx^tzv^^^ 

[0 0 4 4 1 ^^ti. SliSl OSt/1 0* .co/ji6cOrSt43£ 
1S2 0 ^f^3^-r^:^-?£(7)^Jfepyizov>T[Il l 2 7iM l 9 

»«2 0(O^(7)lt[fffilIT-*^o [gI^^nA:l|[fffiIlItciDV> 
T. TfcmT-X^ -y^T'yNMX 2 6BLCK§7fe«T-T-V<<X 
2 8 (iS:^/^ll[^»)'&oT?fM^fL. m 9H^^fL^J: 

9 \z^ itmi^^\titm.^^ ^ ^ ^-rv<^ x 2 6 <nim-r} 



[0 0 4 5] EI 1 2 ^m3.irh\z^ x-r ^ 2 

m\zM\SL^fiho nM2 7co®^iij!jnx.T, M^^5!t31 

LT. ^ V y 2 1 7;l^ CTx.if. "7 y >; -r- 
-X&^Kl 2 co±HX t: >f > ^5^*1--^) C liJ: 

^ ii)\^^±m<oy y-^^k^K'; -f^T-'OPi-Nioos. 

^^'j^^T-\ igvMi. mm] {4mm j-rf^^iyitm<ry 

2 0 /i m<DmM^ZU^ho 
[0 0 4 6] $7t*^-T-VsW X 2 8<7)J: 9 ^1iSlJ(7>7tm 
7-a5p°pli. »^L<ii. ^2 1 (7)-7v»ftffli§l«7i'^^® 2 

1 7!/^tb^^tc^^^ti^BUU. m2 1 <7)±ng£^^ti. 

X<7)^tvj-3tB|-=£-l 2 \(nfzisbi^mLXhX\^^o — ^ 

mmm<nmA^mrK-tht^{znm.^i^^-< 

2 \ \±. >kiz^ mk.\^..f^.. m^^L<\t:^nh 

^t^n^o ffl>?r(7)g|$p°a2 %(DT[Zhhx^ 

m.<nmm^WL^^^ir^^n\zW^^\z'tr^nho hhm 

<n^^yYi^m^m^^^^t[zx^^ m^<r>^s'nmim. 
^ix:hw\^zm2 KnmM^^m^^z^^^hfzi^^ ass-w 

^-^>^*li. -t yhaSp^p ({?ijx.(^. g|5p°p2 8) OTIC 
* ^ 7 7 «fk?§i« =^ fS] UJfitfc ^ -ti: ^ 4 0#Fp^ 

[0 0 4 71 w.m,^itfz^usx mx,\i. us^2 s) co 

aiffili. a5p°p7!i>'^2 1 (7):j^Vv-t^^(4-lH?«L^< 4^ 

^yv^tiho mK^n^xy^-hmMmmmm.^. vj y 

^p^p^SfigJi-^gfl^joVji^, fi>?rC0a5p°p 
(«?iJx.l^. S|5p"p2 8) aOVZli^-X^^l 2C0Xti 
I^tt^b^^o ^vWi. fflgiJOgBp^ptiTv-f ^ > 

m^fih&UU<nm.^f)-(0^^^ y V icr V -f ^ > h-v- 
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[0 0 4 81 ±.m(r>m^. m^(o%sh usj2 

8) colp^ii. »SL<ii. ^^'^Ii3?<. m^il. 1/. 
m7iM2 0 m<7)?f--^-T-*)^o ^ O J: ^ tlj^i^^m 
^-SPnplix 'X^ : Yablonovtich, "Vapor Phase Epitax 
itial Liftoff Process of GaAs " . the Fall Materia 
Is Research Symposium tlieiR ^ an^-^^ffl-x. t: ^ :^ 

^)f$ffl-C^^o it: ^^v-v;i-'; -7 h :t-7 (ELO) -7' 

0- t>i.li. GaAs (:^''J^Aflt«) ^AlAs (T;u 
^ ^r^/^at^) ^(OFb^, sSvMi. GaAs^AlxGa 

1- x A s -^A • A • St*) ilCOrs^Oo^ 
^y-f^U- h(7)^;:,?|f'^H:^^v\a;7:i?;t?lJT'*^o G a A 

{m^\t. MBE (^J'T-^a^tf^'^v^^UfiKS) . OM 
VPE^i:^ liJ:o-r±HlcffM^n>S>o G a A s A 
1 X G a i-x A s cO®{±. o^ti ^^^v-V^U^SlC 

J: oTA 1 A sSUffM^ti^o Ttm^-rvs'^ l£ 
ffiB:?>^±a^^'-y v^-v 3 >S^*U±tf5G a A s^ll 

=&v^o mnii. T■v^'^x7&?^^"7 -y vm2 1 izi$[i9#ittb 

a A s^UffM^tL^o COOJ; ^ U-f -f- y 

^LT. -7^^- (My I a r (R) ) (7) i; ^ .if U -7 - 
:^'7X. pgvMi. 7tC0^0;^^ T U-r -^ y y^^trG a 

A s.us'u(r^±M\zm^^\^^ftho mwL<r>^mt^ A 1 A 

5:tt. GaAs S?/A 1 x G a i-x A s USx {m^\^. 
fiX\^^hth) if';-7-^t;^3|^^x;t:i J G a A sft 

n^o d^v-^-Biufsif $tL^^^. ^2 Hi. ^;|^if 
^ ys(Dm^LfzTm\z^m,^^m^'^x ^ 



n '-K>T'>f > A u I n S n --K > t'^ > ^\ A u I n 
:K>-r >f P d i^'V-f^r > ^XIi1tfico^(y.L/L'^-t^'> 

[0 0 4 9] mn\^fz:x^\£9^'y^)v^) y vtyy^u^ 
Xli, A I A s^coftt? 19 litt^FH^S i G e (v'Jn>r 
;l.-7r.r> A) ^^f^i^-t-5> V 'J n > (Si) mWL<Dfz 
ib. S i G e i: V U :3 > (Si) t (nrnx^^^^-f^ 

[0 0 5 0] ^^<7)jj!L31XfMTMi. ^TmA(nmi)m^<^ 

S[5p°p («x.i^. a.a2 8) <7^±u?fM^n. nhfifzt< 

mk,\I. a5p°p2 8) c7)mffit7)±iiS^^=7rW5p|-<7)/N- 

5^^tLTfg:< t^ho tfz. nM2 7\t. L < ti. 2m 
•tfru^-Vli. ^ > i^'X-r >co J: ^ ^WJgX h -y 

\z^y)mfSL^fiho m \ 2[Z7f^^fifzm<r>^'kr^. mm 
2i\t. m(OTW^r\^-{^2 7 yit^ 9>vy.^y^ 

^m^y'\^^'^2 7 y f|BlcO±g(5-tfyuxr-V2 7 z t 
*^tfo >i>'X7->-*f yU'<-V2 7 y (i. 0. 1/im 
7!;^ 1 fx m<Dm.m<Dm^'t^L. m'^y'U^'Y2 7 xR 
C/2 7z(i. 2 fimTj^2 0 um(Dmm<om^^^i- 

<n±MmtWL^<')rm m^i^. ^^>SL<iii'yy 
^i.^) H<J:oTffl^tL^o ^A uOJ: ^ ?^f(!i(7)^^4i(p) 

[0 0 5 1 ] S2 \i)mit^fitz\k. ® 2 1 

m2 \\±TUmM2 7 ^(D\£T^W^fSL-t hfzisb^^ 9 

mmmxr^^-^ x ^ ^^cm-t ^ztizxy)mm,^ti 

^2 1 i:?fM^fL^-^^r/<"^-vn^^i^:^L 

^xr^fSL^fiho m2 \i)^mit^fifzm^. K^-r^y 
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1 t^iz^m^ti^o f^iSoiiO. m2 1 \H<r>/urii. 
[0 0 5 2] ^2 1 rt(7)/w rr/^°-^•vli. 2ffmi4*t 

u^mzun^Mm^-^^ ^ ^ ^ < t t/n---^ ^ 
m\t. -m^^z. m^^^^^^m^m mx,\^. 200 

m^^yy^it. y ^ WJ::^Y(om^mfzKmm^fii'z 

mi:^Kfz\k. -^Ts^m^^ y y'itmm^^y^ v u ^^^^^ 
^ r^m&ir^fzi6izi>mm^ti^o 

[0 0 5 3] 121 1 3 >^^^ y-f-T-VW X 2 

6fflom^-**tf'l6 2 6ii. ®2 1 ^fflSljcOgPp°« (^J;?. 
If. ^p°p2 8) cO±HffM^tl^o m?-*W*4-6 2 6<7> 

T*$,*), ■7-f--rv<>i' X 2 ecoT^ji^tiffiffl^n'^ET- 
f^ij;li^. :L(n^%^fifzWi^{t. (^"XS^Sl 2co±ffi 
2 6 0;^^i6tl^l5^H^5gffl^tL-2>^T-**t*|-6 2 6 CO 

^(r)y<9-^y^iim^zX'::>xnt>ti^o m=f'itm^6 



lSl-6 2 6 O^C0±H?Kfi£^fL. -7 ^ h U>X h li. 

^ ji y^>^'co:^7:;^ft^i Lv^o y'^y^'^YyA^^ y'^y 
^ (n-%i)^:x^ y ^ > ^' T^n -tr X <7)gf^ ^ T'l^Jt ^ >^ PI 
[0 0 5 4 ] Ell 3T*ii. ffi L<(i. 

>^'X7^>j:- y ^-7X^ 6 2 7 ^^ai-i: 9 

±H7 ^ h U vX h^^ffML. /FS^^ >^'X-r 

%it-f^< yt h uvx h^^/N'^-^>^\ JirnL. 

j^-y ^y Vir:h :i t\.zx<>xnt>ti^o mi 4li(±. m 

nn^-So ^ y ^^Xr-yj^ y^-r::^^ 6 2 7 ii. f^^^cO 
^flSXfIt;i5V^T. mi^7t«W6 2 6c7)fi^}^^tL;^jgI5^ 
tffiiSI-'^Cif^X h';/-7'^^LT{£ffl^tL^O-C. ro 

co@fiti(7)7t:i6Sjz:oo 9 y ^y^i'y(Ditt^^ izm<DUn 
^mmLXi>X<. i)^^. ^^m(o\'^^-)5m\t9 y^'y. 
•Ty(r)\^m\zmR'^^fi^£^^^ti)^M^isbhfiho 

m(D^m. nmLtzz^mimm. ri>\ mmttzm. 
i\:mm^i^mLxi>x\^>o -xy-^vx^ii, ^^^^^izfz^c 
X. m'f'±m[comj'±mm^m^^.i-^fz^^^'-^) y^^ 
mmMt Lxmm^ti^o 

[0 0 5 5] Xti>n-x^.>^. CVD. Xi±. ML 

iz. mr^.^^\^^L<ltml^mm^^^^^4■mm^ 

^(D^y y^ElMLX X\^^o A 1 G a A s i: 

G a A s (0^:K(Dm (X(i. I n G a A 1 A s (^ > v 
A-r;l^< A-St^) . < li, I 
nGaAsP (^ > v ^ A - ^ A -flt^- 'J >) 
i:') ^^tj-^^tT^liT-^PT-VN'^xii. enJ!jn?:fx7^^1EfS 
^(Dm^tLXKmmi^it^-^^o Ztlh<D^yy' 
(i. ±facoj:.t:^^v-v;u'; 7 h :t 7 7'n-t x Hi: 
flHlSLT<) J: <. ap°a2 8 7!i^® 2 1 HSSM^^^t i^ic 

(wiB#tc^2 1 nsfiSLT4) mm^mxi^nmnm 

fi-6 2 6' ^^(b^^^-f-y 7'h LTfiS^r-^^ti^o 
(om^^. n 1 3 u^^n^>-K';-7-i4m^7t*t#6 2 6 

o^^BiS-t^Xflii. 0±xmA-6 2 



% 
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ixho ^ 6 2 7 (i. ^ y 7'6 2 6 * Oft$?-W^?F^4^^1i 

10 0 5 6] m 1 5 ^mm'th\z. >k(ni:nx[±^ it^ 
rtmcom 2 4 ^ ^ "7 y vm 2 1 tm^^i^^Si mx. 
If. gi5n°p2 8) 2 ecom^Tta (Xtim^M 

SP) (7)±li?fM1"'?)o r^0gfi^O/ji6. xt:>n-hX 

3 4 0 5 II J: *)t»^^fL^„ m^^m<Dm^. mmm 

imm^<^:^^^^>'lt^mx$>^o ^2 4ii. ^XiZ^ y y 

ti. >k[z^ ^(DmmmizmLfzmitxm. 

ii, m^itizX'^^x^x.hfi^o m2 4<Dm^ii.. »^ 

[0 0 5 7] [1 1 6 =^#H31-^tZ. a*Sc7)^M(±^M7:i^ 

2 6RI/2 s t&K^^m2 4<D^»^m^-t^i}'. ±m 
imi)mf^^ti^Tiz^^$nm\^mm^\mir^o w 

[0 0 5 8] ¥Mi4(i. m^itmmizjt:^^^. fii^i^ico 

m^j::fjiix^m^{z^m^ti. mi>^mm («tfffiM 

(Dm^(^i£h^^<om±i&x^^o ^^ti<toTii. T 
ti$>>&^-xffiigi 2^im^-{zmi^Lfzmmi:^L. ^ 

(om^itm^\^xTiz^^m^(D^n^^mir^mi^ l 



'^ffi ^ ^-r ^ ^fej^6^¥® ^ ffl i- ^ ^ ch ( I i o T ® 

m(Dmmm (-r^^^. 4 cm2) izR^xm^m^w- 

[0 0 5 9] ^ftf=^^§f¥ffi14^f#'E)/j*!>. ^ibT^^v^Sff 

VN'-y ^■g-tr2S^>"'y K«ii=£-f£ffl LT ^> J: 

0. 5^ >^*XT->WgX h y y^ii. ffl^oa5p°p=^lSIi 
1-^/'ji6-?-c0^p"p±TMgffl^^x^o Cc7),^JiP^Lr. W 

&'^)'7-mm<DMm^mizi^^^^mm^^x.^j:y^-o ^ 
±izM^^hmm:^v yy^me 2 7 t^iz. itmi&m 

1 2c7)^ffi±ic»:flf^ti^^i:Uv±:ti->^'^^M7:>^'*'?>o 

::<oj: d -^5Mi[il2 1 t7)^TPStw^^tirv^ 
WigT; h -y 6 2 7C0|gSMfS^±iJ!jn^i^^^ ^ 

H&<DWm^ h -y '7"fIit^L < -y hco/F>£i; 

(0 0 6 0) [116 ll^^ti-g) J: ^ ->CCO$^igXflT- 
li. *IC^2 1 ^ilLTTg|5mffi2 7 ^-e^^^^tL/Jy^' 
'1'rtIit1-^^r'S2 4 ^ii^^<-<r;:>^ff^ffi$ti^o ^ 

2 1 rtco/N^ r co®ffit;[ia Lxm.mLfz^tKDy^^'Tti:^- 

^ztizx y)m^^ti^o ^<r>m2 1 1^(7)/<^ Ti7)?f^ffi 

ii. ^2 4f^<7)/N'-rT;:>^ffM^tL^ST-il(b-ti:Tt J: 
< . ^ 2 1 sc/^i 2 4 CO/^M r(il^-cO/<^ rffMSOig 

fz. m2 4mm^ti^m. ^L<ii. ® 2 4i)^mi\:^ 

ti^miZ^ m2 4\^X^U Ti:f^f&i-^Zti)'^mx^ 
[0 0 6 1 ] HI 7=^#flSi-^u. ;>:coXfMii, mm^ 

x^^. ^9y^^mmmm^m2 4{zMf&^tifzy<^r 
<n±m^^hmi:ir^m2<Dmmj:m^^tso zmm^ 
pgi±. itmm^x$>^ . ^m^'ki-^xm^i-^^^m 

li^^v^o ^>^iOXg<h LT, Sjfgx h y 6 2 7 i:, 
iRfi^JtlWe^^ h y V'^2 7 y ii, C =^iS^ 
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2 0 ICiinr^ 2 4 <7)gB^6 2 4 ^ ti^ fltfOffitt 

^«2 Oco±S(I]7:>^7j^^ti. in 2 1 H(i3ffl<7)*affrm 
2 4 j - 2 4 1 ^m&-thfzibU^6 2 4 m^.^^tlfz 

'i&<D&^mm2 o<D±mmt'm^tir\^-^ho m2 4(om 

^^tifz^^(DTiz$>;hm 2 1 <7)gB^(i[I12 1 ic^^a 
f#fb:M^ J: ^ t; 2 m^<9-^>i^*^tiho m2 4 RZ/m 

^m2 4Ri/m^mm(o-'^(D±{z^ifihtifzy^^- 

> 6 2 ecoips^, Wr^£&2 4 j - 2 4 1 Oipgii. i^^-f L 
t-ScL^i^o (GaAs) (DXn^^m 

III -IVS^coft-^ff^^^'-b^ 3 > 6 2 6 Lxmm^fi 
h m^<D J: -9 II . m^-*Sfm-lr ^ V 3 > 6 2 6 <7)ffit;f 
il^T^^^nr^ 2 4 <7)/SW* J: »9 ^>*Hfi^^ffl/-it-t:^§ v^i: 

L> z»r&lfS2 4 i - 2 4 1 i:^7t;^*p;fT-^(7)-t^ V a 

><Dmi<D^ii:^'i^.^ izm < -t h :z ty)mt lv^o -ttti 

[0 0 6 2 ] ^>:<7)X?I tLX. ^ ^ 7 K*tl-|0^ 2 3 t!/^^ 
^2 4 ^TS^^ KS2 1 <DmthLfzm^<^±lzmf& 
^tL^o C^fxHJ: fr). 7tztt?m2 4 j - 2 4 1 cOfflMti: 

^ V yunxmt>tiho z<DmM(^^^^'^m i s 

^tiX\^^ho ^vvh'Um^. mi:^tifz%6i^6 2 4(0 

±utx'^^xitf£\^^i)m«miz±mzK'ox^m^ti 

ho m2 4<Dmi:^flfz%^6 2 4 (D±{zm^£hm 2 3 

/h^<i->E)7&\ ^L<(i. m^^\^t^^Lfz\^'m^. i^xT 

uffc/jn. 'y^ y h'm[(om \<om2 3 i}m^<o±izB 
f&^tiht^iziEL^^iiLmi.zmzitho z^mi(om 

"lizmm^tiho -kiz. z(Dmm^ h yy^mim^^ 
ti. ^y-y h'un<om2<Dmi)'m^(o±{zMf&^tiho 

[0 0 6 3 ] itmi&^imf&'t hJLflXlt. i^iro-^Ki: 



n\zn'rh^m^ti:^<9-^>^^mm{^i:\m-thm 

m^*Wf46 2 60-gp^/N-5'-^>i>-1-^®20 

XgO/N'^'-^V^^fflv^^flJ.^ji. ST-7t#^^l-6 2 6 
^^2 4 (Dm-I^^^^^ -^>ir'fhfzisbm2(D:i^y^> 

viLn^\^m-th:zt\zxy) . -yf-T-VNM;^ 2 
Y^lfSStt^7t:2if^if&2 4 j - 2 4 I t(nmx%^t£r 

[0 0 6 4] ^10^?f^13«Jt*U^£ffl^tt^|^20^'?K 
3 6 5 nm7iM4 0 0 n m(DmM(Di$.^im't hitXh 

hit^m3M\z^y)^-^^ivhmmm^m^^^ho ^ 
m(om^[z^ mmzmn^fihmm\&m^m^m'th 

:kiz^ mimmm^tih^^mi^xmtm^^^hz 

fLho Z(0^^9-ymitit. m\di^(Omm'k ^ y y 

mxmm'^^z^m^^ho ffitts«2 o^^^^^^kl^ tas: 

(-S^e^JU. eOOnmTi^l. 6 // m 

ofaHcoTt) ^e^-t-'6o-^ 2 4 7:i^'?f^^^tL^Mnmi^ 

7t:*t#6 2 6^^g|?'e^4^ffmU/N"^'-:^>^'^ti/ii: 
7fe^PS^^tg^^nT;|^f4^^2 4 0/ji6^1,llffiffl 

fihm^i)'hho it^m'&m'^^<i:n=^itmn(om\t. mc 

Farland MUl&tT ^ :f^?'I "Method for Forming Optical 
ly Active Waveguides" i: ^ f§0^(7)^#;co*[l#6t^ 
5, 5 4 1, 0 3 9-^lIfS®^ttTt^^o -S^a^H. W 

n-h^it^W^X^h J: ^ H-r-i) ^ ^(i, itmmM-i^(o 

m±m\z\^^\^xm^n^^mt^^h-)5'A'k^-D{ihz.t 
izx^-^m^fiho zcomm. i\:^mmm\zr§r±^f\^ 
hmz\:L^zxm^(oitmmitRxf/xi±mm,mt^^ 

\L^^h:it{z^ y)%M^ftho 
[0 0 6 5] m\ 5 \Z7r^^tifz-:3rmWW,limz^\.^ 

^^5^^M^^Tt)n^o z2rm(ow^i)^itn'^r^<^ ^^(o 
v^m^y y K^iii, mmn^^t^vf^ixhm^z^ zirm(o 
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tI/J^^u^^;)r^ =j r t ^ ^ K^<7)Jt#tcCM P^H^ 
ii^^n^o ^m(r>m^. ±gB^^oif ^^plrJi-^:: 
[0 0 6 6] 7t0WtcJ;oT®ft^ti7L'S7feSf^#W^ 

fzmzmm^tiho 

[0 0 6 7] H 1 9 ®f^(7)X?IT% 
ti/zJ^y^'7:z,^^i^mirhJ^y'1->^XmzX^X. 

'f->yi:m^i^mirhzt'/}^x^ho j^y^-rT.^i^^ 

9o iSvWi, K^^^ 2 3 co-aiM^f*^*!:. ^<^Tr 
/^°-•f--V i:<7)±tix/x"'y 'j > L T ^> J: v^o ii#^7:>v 
^ h y ^^yym^^T.mizXoX. /^wr, ^^ISS. /^v 

^m&'thZt:^^X^ho tcO^mtLX. m±^ti/z 



^Tii^'Mi Lt^o 2 0 0:t>^^x hn-A7!;M4 0 
[0 0 6 81 g6o75^<oMaXfS4-iij!JD-r^-i:UJ: >9 . 

Ell 0 iiTj^^fL/^vc s E lt-v<^x 3 6 b' ^±mm 
iMizmizm^xtiho ^.-iz. y vm2 lijmjSL^ 

tlhmiZ. tt«^2 5 a^^^-y^mWLl 2<D±izmf&^ 
ti. V CSELr^U 2 5 aizm^-tho 

^'y\}i^'}y h :^y^^tfVC S E L f-'/U :^(D±m 

m2 5 aizmM^fihmiZ^ 0. l/jmnmi/im 
<Di^ >r:^f->(DX^ ^W^x h yy^mxmW^tiho 
^ 2 5 a ii V7 h^-^y^^m^ti. ^It^fiho ± 
i$<7)$P< T-VMX=^^ 2 5a H?g«^-t^^(7)T-ii^ < . 
^mmf)^VC S E LT-VN^XcOTMl^^ttft^n-. xV^'f 

xii. m^<r>^m^'>r^ > vy'ri-^Xiz^oxm^i 
2(Dm'mizfm^fifz^m^<y KtifA^^-tt^bti^o -^^c 
mm 2 5 b(i^2 5 a(r)±{zmf&^nho upm 
2 5 hi)^y ymit^^') -^-mA^^tsm^. yy Y^- 
^^M^fi. Wit^fiho ^oyn-tX^tSti, VCS 
E L-tVnM X(7)±Uffl;^^@ 2 5 b cOgp^^^^P^if^ 

5ifex^M4^l;vcsELT•v^Mx^^«lii-^o wax® 

^ ^ -y 2 1 O?fM50^tb4&S ^^iilI^jii6>So 0 1 0 

i;^^tL/c§i6 3 9 m2 A i)m^^rifzmz\^^-Dx 

i.fm-thZ.t'b^X^. ii#ti:^2 3 7:i^^®fi£^tL/c|^tc 

r^^^fih^ mzWii^vfz^n^z^ mt. ttm®6 3 8 

<7)XtCffi^^fflitr'^ 2 4 =^ 4 5' co^jpgr^^t^ffL. R 
tiho tfz. ^mMf&^tifzV CSEL<Dit^^{Z^ 

SEL) i:imLxi,x\^-o mmm^Rz/mcD^mim 
-oxm&^tifzmz'ijt^tinho ^com^k. cmpxh 

yy^mt LT. ^jl^2 5 b<D0imiZ^Wi^tlfz9 > 

x-r> (w) m:/)^vcsEL±(Dmm<r>ixt)y)izmm^ 
tiho V csEL t$n,^-mt'rhfzi^i^m^nfz^^~' 
<nm^mmxmmm'S:±ml^ ^m^irhfzi!bmm^ti 
h(DX\ <t?iL<ii. AL$i<nmxmm^icm'f'^miM^ 

[0 0 6 9] ±tmmmiz^\.-x. m^<omf&mshi±. 

m\^^<^niMX^ y y Vm2 I V C S E L T'/^' 

-rxii^ti"^^ 2 5 a) t;ii«^tL^o LtJ^l. ^tiib 
m&L(0}p]^xnmLx iy x\^^o ^sh2 sot&^g^u. ^ 
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m 2 1 it.TUm2 7 <Dm!^.i:nii!i^^^X n [Z^^9- 

[0 0 7 0] ush2 sirMis^Lx^mzmm-r^^t 

a A s ^^-^^7)^^bg^5p°«^[^^*■t'^/^i6ffiffl^n^A 1 
GaAs^y^> ^^'Xgii. a5p°p7!i^'^ 7 y 2 1 ±{i 

^f^. A 1 A s -X -7 > VXmU. ^ G a A s S« 
aSp°p^WSi-^^t: ^^v^;u^7i^tb^S61-^7^^i6 
^^f^ti^o ^^<LT. G a A s^<^i-^^»«(iSfiliX@ 
^-l^iTfemT-SISp^p^^Jfi-^^Sg^^Sffii-^^OT^ ^(Dfz 

m^'^'£^mtm< ^j:^o G a a s 

7 2 1 Uffi^ILUBSe^tL. av>ti. G a A s K=K 

i±. ffi^Utc. ii^iJ(Oa5p°p^5:vMc55^S5S-r^^^d6^^ '>> 

X ^?2»rSMM r n -tr X £7)f^lcJld6iA t tL?#^ C ^ T'* 

^ti^o VC S E LT-vwx<7)Jt^t::. ctLtbcoxfl 
(i, ^2 5 a m2 b b<DTizmf&^ftfz^mm 

[0 0 7 1 ] mmr^u :^m^ii^^mimt-mtir;h 

SijO^aii. [US 3 7^7^9 Otiffifc^tLTv^^o HI 8 3 

G a A sa«±T-fiK:SL. p< 5^ 7 ^ -tf- v a > 5^ 
tL, ^Si5:c07^:m^-r■V^M X 6 2 0 ^llffii-'2)/ci6/^'^'- 
^>^^tl^o G a A siff^^S&rJT^^ii. SW^tIi^SS 

m-t^^tizx^x. mi^mm^^m^. mi^it^it 
\mir^o mkm.^Mi^. Auimmt^{zmm±{zm 

[0 0 7 2] [US 4 llTj^^n.^ J: ^ i:. t'/nM X 6 2 0 
^^tf-xti^^ v-v;ur^Bg(i. Jill 7 K ^ 



^-X^ >(Vaseline)^L < it^y y ^ "7 ^ 

Mizx^xnt^ti^o 

[0 0 7 3 ] ms s ^zm^ti^x"} iz. ^m^&u^'') 

6 2 0 ii. ifyT.. tKb^s. Si. A I . A 1 N. 

i±. m(Dm^^j:&mim^^i'^htifzmmi 2tc^ttib 

a;^jT«^^7 K12 1 o±H=^^n.-?)o Ji-tfiS^^v^ 

>^ h ?^-7f•v^M X 6 2 0 ii. 7 r > f-*;u 7 - ;b X 
5.C>'tt^1±'-K>T-'>r >^'=^^tp{^*<t ^)<&ft]^7)^ :^^X 
A^^lJfflL■r. TffllJ^v 7 Vm2 1 ICflJ^t^ftittba^o 

y K^K^T-W^ (TLB) . SWafflSJIfStiWf (W I 
T) it. 7 b?f7f-v<-rx 6 2 0 4-K 

•\';u'J 7 h :t7-rv<^xc7)^ffiii. 119 1 Jb^9 8 tir^ 

[0 0 7 4 ] ^tf ^^v-V-^U'J 7 h :t7EljC0p i nM 
II Tfe^fi^ tl*S^ ^ tl ^ 3 ^iCTnii^SSS ^ ?FM-f ^ /-J 
nr/f 2 4 5.6^=^^ V 7 2 3 (i. [H 8 6 IC^^tl 

tn^^i.<\t^mwm<r>w^mmzmmL. p i nn 

L. Jill V Y^i^U 7 h ?t-7lZlii<7)^y v#i5T"COr2 
?*^=^1^L < (i^ft^-t^^^/^o CVD. MLD. WM^^ 

tiJ:0. ^t!j£7)54ffi (i-^;b^, ^^-tt-li) iifSi^^ti 
ff'l)o ^SL^m\z\Z^ZX . mmLfz:zirm2 4 0^®(i. ^ 

mt^nho CMPti. j:.ti i5'^v^;V'; 7 h :t7-rv< 
-fx 6 2 OiT^XgRco^' >^'x-r> (W) BilcJ:oTf?ih 

[0 0 7 5 ] [118 6 li^^tL^ J: ^ ic, ±m^yy Vm 
2 3 f±=7T^ 2 4 C0XUKS^nf#-6o CtiUJ:t)^o 

/Mxcoig^^-g:$^-^^7:i\ fl^^silK -r^E) 

fz. y m2 3(±±nK<om^f)m^^nfzx^i^ 
-'^j:m^m^^i-^mmtxmm^n^<ox. mimtm 

(7)5#,ffiiiftMfi?)Unr^ 2 4 J; ^) ^ 7 y 2 3 o::^ 
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[0 0 7 6] mS 7 iZfr.^ti^XniZ^ nr^24(i. 

J: ^ tcm^-Ttr-VNMT. 6 2 0 i -TffM^^x. -^^C 
H> TM^^y VmmUl 2i}m(n^mz^^fi. 0 8 
1 [ZTf.^fih^ n \zTUnM2 7RXf/^^r'^\'^m't^ 

vm2 i(D^9^-(-\z-'y3 >^mmr^<^ >^omi^m 

-7 6 1 3 Rrf^ -7 y K@ i "CSfe ^ ti^bo 0 9 17!; 

M9 8 iZ7r.^tifzmmm<Dm^iz. :^<D^mit. 

(0 0 7 71 09 1 ;!;M9 8 tlii. t-V<^ X colElgt^ J: 

7ttS:gL ^^^'>-^-^^fzi6:=trm<om^ i)^ry ^' x-oif 

7 h :4--7T-v<>f X 6 2 0 ' ii. 09 3 11^^ 
ffi«l 2{zW^i&^fifz^^y Kli5t*5#lttb 
»«1 2 -7 6 1 3 tmnW:^^-^m^ 

1 4 c7)±tcffM^fL>^o x^--fMS 6 1 4 (i. ^ 7 y K 
^ 2 1 ^[5] L:*tf47&^tbf^MLTi J:v^o ^ 7 ^ 2 1 

lijEH/Mimtii^f-vw X 6 2 0 ' ^m^^xm&^ 
>k\z^ ^Tm2 Atm^^fih^ n^Mzm^Vf^t 

09 4 tiTj^^tiTv^^o — ascoMATif^^t: 

•7 h :^-7T'^<>f X 6 2 0' (7^^'7 vi§iaU6eg^tL/cS 
^^pfitrtT^nr^ 2 4 (1^^-2)0 ^ /ci6*) ^ ffl(7)7t:^ 

<s6H/Jn^^/^o 09 1 7iS9 8 li^^ti^j^ffiPOT-li, ^ 
ti^JR*}tZ^^ 7L'i6, CVD. MLD. W-M^ ^ ^ ^ ^- 

[0 0 7 8] '-k^Z. 09 5 tl^^tL^5p< , nr^ 2 4 

tc. 09 6 tI^^tt^$P< . V 7 K^ 2 3 7!f>'M?H^tL 
ho 09 7(:(i. mzmmLfz^n\zmJSL^nfz/<^r 
lkxfmMi)^7r^^fLX\.^ho T'/^^xiilSlsi 2i}^hW^^ 



«1 2;^»^ibflX0n^n-2>o 

[0079] 083 7!;S9O> Rlf. 0 9 1 TiS 9 8 ti 
MLTgi^^L/jJi^H. rSttf'/^^xcoxk: 5^:^v 
U 7 h ;i--7EliconT<7)l5^i±. »S L < ii. ftfecogp^ 

V^n^xnhixho ^h\z^ m7 A{Z7rs^fihX.n\zx. 
^i^xju^j y h :ty±:=ir(Dmi)m4^^tihm^. 

[0 0 8 0] 0 9 O®:LK0 9 8 Hii. 
y h:^ymW:\>^m^m:^tlfzy<^ri}^7f:^riX\^^h:f}K m 

(Dm^^j^ii^mmLx i, x\^'^o ^iz^ ^^^v-v^u-; 

y V:tyWMiz^m^ti/zWM'^ Ummj&i- hzti,"^ 

dgT'^^o ±fS<7)7'n-tXtIii^i£rC0^ff^eF|j7^?#£(btL 

-^o 0 8 67iM8 8=^t itmMi^^ 
o T5M^k^ ti/-^/^7t:*tfWM$ffl ? ^t^. CMP 
-r L^i'^^^T-ii^^v^o ^O^SS^LT. nr^Tii^^^SS^ 

^/jf&> :=irm:^m^^j:m^x^m^tix\^^:Lm^. ^< 
9->mitizX':>xmi&^^<^-^>^'^^^^iz^ijt>ti 

tlfz'i&iZ'MM^tlho > ^^-r-t'-va >X 
iy^^^tlho CMPCOH(|lC. 3 0 0 0 ^ > 

^'7. hn-An/f$<7:)^ >^*X7->M^^ 7 v K^ffitc 

PX h V7'^ LTfflv^TtTt?n?#^o ^60^^, Au 
±cOiS^ >^-X7^>8gi±7f;gT'*^o tfz. ms 37b'^9 
8 ti^$:*x/cyn-txiijttL. ?f JiT-VMXO-^llii. 

^i^ ^ )\^mx^hB^ry<^ y^i±. y ym2 \ izM 

y)Hifrzmizy<9-^y^*^tinho ztuzx^x. 

^tiho ^^t^cOXflHov^Tli. 06 67!jM7 7. R 

i>\ mi 2Tj^2 1 ^mmLxm^^tiho 

[0 0 8 1 1 ±iS^ife^JT-(i— oO-x.t:^^v^;u>; y 

hy^ymu^^^^xmmLx\^^hi)K ^^mi^. &is± 
^tihii±(D±mwn^L< ur^<-( Tsizmm^fih 

Z t izmM-rh'}l^^i)^$)ho J:~\^9^^^^'}U^)y h:ty 
li. A 1 1-x G ax A s -xy ^x h y ■7'^^ti'G a A s 
gt^Sx. V ^ > ^ L < ii, A 1 A s ^ -f- > ^'oJUgll 

^m^^hztizxc^xmm^ttwho l^^l. ^mim 

mi±G a A s fztfizm^^fi^£^^o I n G a A s Ptifa 
jIL/j-xt: ^^v-v;H}it- 1 . 3 // mJb^- l . 5 /i 

mcDUWVy h:ty^tlXiiX\^^o Ti 

02 . W03 . s i Nx . Si 4' t^coj; ^ fji^mtnm^ 
\zmix^^. mwL^mrKm\z:^y^y^xwi^L. ^ix 
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izx^m^^ri/zitmmmmm^^mibihtti^o l/z 
^'-ox. ^^mit. mm(Dic^^&i:±^mizmmiti- 

ji^r*tJ:^/^o i^')::t>^yy'±izmi'^^tifzm'pmi- 

{z^ yy''(Dm^'^i^'j^^^^^fzisbmm^x^ho ^tr^ 

(i. ^i^/i7^^4rx, WIT. T L B ^ ^ (7>-7'n -br X, 
[0 0 8 2 ] ^^m(DUm^\ztm^fifzir-<X<Dy^xj 

'ty^RV'M^mt. f^^tifzmm:(omm(ox^ y^^s, 

ZtiZX^. ^U7./<- (XBAR) y 'f'> 9*m<D 
m^^:^^ y^yy^^ts-r V U y ^ Tsit:^^ y^\zm. 

-^y/^' -yx >^-x-f y^^ T-'v yf-^ jtfp] 

[0 0 8 3 ] ±&(ois^mm<Di'^m-^m±. ^^mm^^ 

TfemT-fflS^fe' V X -r A ^ llHMi- ^ i6 ^ ?F^U}£5S 
^ti^o m2 2Xl±. ±$im^mm2 Oi)^y<y 

^y^u-> (SL<(i. K) iooi:7K¥^r 

\^iz^l^HlihfiX\^^^o ^'U- > 1 0 0 (i. 

tt^«2 0 tmi^iLfzm^'^^'r^^mcoitmui 2 0 
^^c^. ±mm±±m<Dii^^mu<Dimijmi^^^xi'^ 

WlX^^o ^\i<Dmxlt. r§'&S«2 0(i. ll3 2S.t/3 

3iZ7r.^ti;bXoiz^ /<-y^yu-> (SL<ti, v-tf 

K) 2 1 0 iiSiS:^f^ic$io#tt'btL^o 
SiJ(;)^jT*t±. EI36 7!;^38. 1180, R 

e>\ (H 1 1 87!?M 1 2 0 iz^^n^ <t n ffiSIUIfS^ 

[0 0 8 4 ] ^^mizX^m 1 (7)-e;u-f^^ V 7'-t>''^- 
}Ui^;^i^/.<nmf&i}'7r^^nfzm2 2i:mmLX. rS14S 
«2 0O^< y ^yu-^ (^L<(i. -7^f-.if-K) 1 

0 0^07K¥:^fo]^o^# iioi^Tltt fig 1-^0 /^ y^v'u 

1 0 Oli, El 2 3-f)^ht>i^-:hX n iz. Tm^y y K 
©12 1^. ^^9-^>V^ftm.'^^ftfz::irm 1 2 4 
±®J^ ^ -y 1 2 3 <h ^m^^xnmzWi>^^n.fz 

m^<^±mm 1 2 4 a - 1 2 4 h ^^-thx^^mmm 

1 2 0^^tfo Si^cof€l:±, LTji^t. 

v^J: T ir. :^m\Z^{'fh^<y yu - > 1 0 0 li. 4 fi 



ffi«2 0^«§L. ^«14&«li4l@c7) I C^v 
©1--2>o *2S7^SSl 2 4 co$lK=^^-t/.'a6. 112 2 Ui^ 
it^ 4fflcofSl4S«co4'<7)21@OrgtStt«2 OiiW*)^ 
^fLTv^^OTdl^^ti^^^^o /< y ^ - > 1 0 0 

li, MCMrgi4Sis2 0 t(r>mxitm^^m^m't 

-y 7'^- 1 5 4 . 1 5 6, 1 6 0 4-^ 
±fBO#MCM®14»«2 0 (i. V^^rit^Ttri ^ 
^ 1 STiS 1 bm^^^Lfz^UMiti^ y 7°^-4 4 
4 8 rS#^ftx.ibnTi^^o ::fLtbo^Mt;ot^T(i. 

/N'y^^7'U-> (Zii, -7-tf-.1^'- K) lOOO— Sxat) 

^mm<Dmzmm-tho 

[0 0 8 5] 112 2 tliov^r. :£±Se/e±(7)MCMS 
^S2 0 (nTm^zh^mimTkXf^Umi^ yy''y-<D\lLm. 

\t. •&rRxf:^y<Ducumm.2 o(DTm\zhhm^m 

RXf ^^mi^ yy^y-(D\tLm.t WWLXh^o z.fih[zx 
oT, &U2 Qi)mm^fiX^^^:ht^ {lL±.'SLlf^±.<0 
ftM) mWL2 Qi)mm^fiX^^^tj:^.^t^ {l£TRlf 
^T^OfSm) i:ti-ii3tt^y^'-y ^7'U-> 1 0 0 7!i^ll^^ 

(0 0 8 6 ] ^7'u-> 1 0 om<DitM\t. mm 
M 1 1 \zm7r-^Mz\mxij^(n^itr^<^ y^ i 3 ex^h 

f§7feT-V<^ X 1 3 6 Hi *9l§^^fl^o §&7tT-VNMX 1 

3 ^(n\^ti^immi\ 2 4a lIJgM^n.. 2 4 
a ii:£±cOM C umW. 2 0 dlSli L ;^^^iBff f X^mtm 
hnho :z(o^mi)-h. m$.mi 2 4 a tilt; 9 0' /itt 
ffltft^n, lE}z<r>ucMmWL2 oo:>T\zm^^n. ^± 

(7)MCIvlS1S2 0<7)T^iiiii-'i)<I: ^ IwiiS^n^o #6 
*T-VWX 1 3 6 ^^£±^0MCMS^S2 0 hL(Dmx. W 

12 4a (±7K¥t^'- AX-7"'J -y 1 6 4 ^fflSi- 
>6o tK^I^T- AX7°U y 9 \ ^ it<D—U 
(i\ 5 0%) Svmi 2 4 a ^a:«L;t:S^SS&l 2 

4 b lC^@S1--^o CC0*¥tf-AX7''; y 1 6 4 (7)fl| 

y<'y :^7'U"> 1 0 0 cO-fefi^J =tSi0;3cof^tIpj$ 
1-'?)o MWJ^ 12 4b li. :ETc7)MCM3l*g2 0 T^^SfiM 
^n^^B^Ti^®:^^^, $tbtl> :&TC0MCMS^S2 Ot!/^' 
KS^tL^^iBffi T*$m7:>nttbtL^o #MCM&«(7)^§ 
Wi<DTmx. mik^l 2 4 b(i, ±(0-^^UCMmWL 
2 0(7)±fn]#UiitT^^i:'?)SiIt'-Axy; y 9 \ b A 

^iiiiL, ^t7)^iBffT'Sfmi 2 4 b(i, ^mmmmi^ 

'y7'7-4 4 (IE2 3 ^•#HS(7)^^) ^ffl v^T^Sfm 2 
4 a lUiM^n-^o Mtfil^*-AX7''; y 9 \ 5 4 Rl/^ 
mmmmiy y 7'^-4 4 0flligli. /< y ^7'U-> 1 0 

0 (o-m^K^mm(omx'%m't 

[0 0 8 7] zgrmi 2 4 c (i. ;&TOMCM&«2 0 
t^T<7)MCMSS2 0 ^OPB^T'Ttfi-^-'^feii-r^o IE 

-> 1 0 Oli. MCMS«029r£K2 4 h 0^?.5S(;)T(PJJ 
CSfifflfS^:^ y 7'^- 1 6 0 ^^tfo :£T^7)MCMffi 
15 2 0 7!i^ib^07tft-§-li> ii{gfflfiJ^:^ y7'v-4 8li<fc 
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oT/<-y - > 1 GO tlfo]7!»^orSilUfeit^ix 

ho z<D±it. y<y ^y'u-y 1 0 0(r>^mmmm-fJ y 
y'y- 1 6 Olci:oT$fi^fi. ^{tfflJgM:^ - 
1 6 0 (i:i<7)7t^ 9 0' fzif^lfX. Sf^^SS 1 2 4 c O 
1 2 4 c ii. ±m^i:. ^T<DUC 
M*«2 0(DTmiz^:hmiEmmmi3 y^y- \ 5 6 tc 
frii-t^o :^ > •7*-7 - 1 5 6 li. 9 0^ ffltf 

r. ^TOMCM*:g2 0OSfIffl«JM:^ y -7'^- 4 4 
04»-^Sli:±f^l^ t^iti-tir^o 4 4 l±. it^ 

§SLT9 0'* /ittffltf. 3£^g2 0OagS{eS2 4 
^*¥:^f^i]l^«f ^-t^^o ffiEa:^-;'y^- 4 4 . 4 8. 

1 5 6X^*1 6 0 - > 1 0 0 CO — 

2 4 c tmmizm&^fi. mmi: yy^y-tmcmm^ 

[0 0 8 8] iff?Sfi&l 2 4 d(i. m^^OVm:^ 9 1 

1 2 u J; oT. — :^os-e7fe-7 r i o 2 m^S^^ 

fL. n^v-7.:/)-h(Dy r ^ y< 1 0 2±0*{S^^Sm 
^'^o 1 2 4 d (i. t ^ -:;^cOiffi-e^ 2 o5:fSffl 
*y y^- 1 5 6 tijg^^tt. m2 (DmmiJ yy^y 
- 1 5 6ii. 7¥:ft-^4-:£T<7>MCM»«2 0 coSMfflfit 

.y7'-^-4 4(i. 7fe{t-^'^;£TC0MCMStK2 0<O2gr^^ 

1 1 3 =^^LT-:^<7)^ST•*•7T^/^'l 0 3 

mM.^riho 1 2 4 f {±ity T 0 3 T^^tb^^f 

[0 0 8 9] m^m 1 2 4 g (i. -:^<r>mr'm 2 (D'^m 
mmm:^ yy'^y- 1 6 oizmM.^tiho z(D'S:mmmm 

iJ yy'^y- \ 6 0 ti. ^T(OUCU&^2 0 75^f:>*fS^ 
^SmL. Sr^l 2 4 ROf1^UiiA6^o 2 4 

RCOfc il-ffiTOVitn^. ^ ^ 1 1 4 tc J:o 

X±yr^^<l 0 4 iC^^^a. 2»fmi 2 4 ^^(7)76 

ft-§-(±^^'-7^7'w-> 1 0 o<Dti^t}m'^t Lxmm^ft 

ho ^Mim^ 1 2 4 h (i. W\mz ([112 2 HiiH^^ft 
^v^Tii^ ^f±(7)MCM&*S2 0 cOTl::*^) 3 OSj§ 
fflffiE^:^ 1 6 Or^mm.^fi. V?SnT>^ ^ 1 1 

5 ^^^L'C 7^-7 r 0 5ll«^^^^o 1 2 

4 hti, ^±<:OMCMg£tS7!i-(b7t-7 T /<1 0 b^^ll 

m^^mu-tho 

[0 0 9 0] mismsii. m2 2\z7ji^nhxn\z. m 

W^^<y K 1 5 1 5 2 II J; oT/^' 'y yu - > 1 

0 0 7i^fbMCMfS14^«2 0 neii^ti^o mMit^ r& 
liaiSl 2 0 f^02imi4lit::<t oT/<y ^^yu-v 1 0 
0 (i^Be^:K^o fS14MCMS«2 0 li. K 1 5 1 

5 2^(Dmm.^fzisb(Dn\z^Lfzmw^^y v^^ts 



[0 0 9 1 1 MCM^v^-;^^L < it^^y 7^- > 

mm\mT\y^\ . ^vwi. ^^(c r#rm 

TU^J ^^^^tL>6T LT^) ctv^o 

^^n. -yi^L<itmmzmMii yy^y-^ 

gJM:^ yy''y-i)m 1 2 0 [*]<7)iti^:. L/c^S:^ V7'v- 

tm^\^fihx.n\z\^^m\ 2 omm\zmm^fiho 

yr ^ /^rU'i^L<{t-( ^-i^^>^if-f K^i^Xdr-*) 
fli ^ V Ttmis Ti^'^^i^gBTti® izx^xm^^^tihm^. 

^<y ^ y'^u-y I 2 0<Di^\imm±. 1^. R 

[0 0 9 2] y<y ^y^U~y (-v-*f-4^'- K) 1 0 0 <7^ 

v-iiov^r. m2 3n^2 7 ^m^.Lxmm-tho - 

0^-h^.i:^ti. y^y^y^'U-y l O 0 ^ffi14StS2 0 
tcoPB^cOTfefS-t^OTfe:^ y -7°'; >^'i)^^A^tiX\^^hZ t 

wm\z J: mffi ^ ti. -X v-^ > L < 
^fflv^ri^i^tL^o \i^<r)J^y^>^^m^j:^mikm^ 

^^\mLxi,^^^-o :z<Dm^. mm:^y^>y:^v 

yy^mi)^^-^mm,\ 2 ti^\^mWL2 Q<r>m\zM^^fi 

ho ^h[z. -<-y^mwL \ 2^xi^mwL2 ot^h^m-f 

hfztb. Ar}awa\inRasaimzm=r^tifz^mm'^m5. 2 

5 8, 2 3 6^{ztm^tix\^^hj:n^£&mmtmj^ 

mn^ti'i^^h^'^j-^-m^mt. im.mm.2 o^u-^^ 
\£'-j.^^h\m'rhfzib7t:')'r'-mmm<^±\zm^^ti 
fzKm^mmt^im^ho sijor^-n-^ii. 

2 t Lrifi^r;^ ^ A±g[5lg=£-{ix./j V "J >^a: 
-^^^^£fflL. (ffi14»«2 oco±oiicffii^MBi7:>^l^tt 
ibti/j) ^ j~-y^(DmM'/)^h^:}j[^izr)\-^ A® ^ 

[0 0 9 3 ] 112 3tlli. ^<y yu-y \ 0 0 (O^M 

t:-AX7''; y 1 5 4 Si/**S2 o<D'S:mmmmiJ y 

4 4 o$Iitlci3tt^/< y y'u-y (-r-^f-.-^r- 
K) 1 0 0 i::&±<7)MCMS1S2 0<7)[9f®iIl7i^'^$tLT 
v^>S»o ^7'U-> 1 0 0(i. ^-X^ISl 2 — 



:fj(7)1gm<r>m.iyL (Vc «L< K) ir^^-t^m 

15 1.!:. TW ^^v V \ 2 1 3T^124 
t , ±m 7 V K»S 1 2 3 t , f$2 (nMM(r>MitL ( i^'y 
>K^L<l±Vc) ^fit*&i-'&m2<r)igmtt^ 1 5 2 i: 

ui t)t?9fiS;^ti*o ^ 1 2 K 1 2 aay-'i 2 5ii, K 

HUmLfzXniZ^ -tti-t'iti. m2 I . 2 3S.l>*2 4 t 

(Cl±, ©2 1 , 2 3 5.6K2 4 i 19 t**:fl-)$^14l±fg:V^ 

ass ici«-;t*^i:7l>'-r- tJ^, 
^tifzi^mtrm 1 2 K 12 3S.i>'l 2 4 IcjsgfflLTt 
J: v^o 8132 1: - A ;^ 7 5' 1 5 4 (IS&SS 1 2 4 b <0 

t«if^*-t'&7tt&^-«jil 5 S^ffM-r-Sc 1 5 5 
l±, S&SS 1 2 4 bOSiff^^t li^/^* (±§t^SL< 

i±/h Si «/^) ;ai-if^^^i-*^tt#co«i t) Lisii^^i- 
ojt5|;i±, f&T- 1 5 5 1 3 1 2 4 (7)mtfxm<n^ 

i^m^i 5 5<0^fficO-^^5-lix 3fejf?SS&l 2 4 b<o/^• 
Pili, — tefi<)U, 2 4;fttn 5 sriite^tt-s J; 

T (-7t(0 U^S(7)5^-^^-r-*^o Lebby j&UI&^TSin 

fzii^mmfm5, iie, 4 6i-§-tni, c<7?<t9/^t& 
mu^^m ^fi^o ±.13 ^fitzm.f)-f£it<r>m.\t. 

[0 0 9 4] tt^WSSc<7)E5£*fl<7)fS^-«:®f**^£ffli-'i.C: 
t^i^r-i, 5 5l±2ff?^S&l 2 4 bO^SllH or 

/z;7!if-2>-£-^l±^v»o iiffiSSl 2 4 b*^!S^14r3r**iis|-75^ 
"bf^eptL-St^, -ecOif-et&T-gBl 5 5 l-^tlc.i-'&gp^ 

N- 5- - > 4- ffl ^ Tfefls, J: -:> T 1!^* ^ * o [Bltll ^ 

^x^o i/'c. if^mm^^A, 8 0 6, 4 5 4-^(;EIK? 

w^'&x>'/iLimmmm^n.fzmmi:m.m.irh 

7few-a5«:±*u(S]itrili:ujs:M-f ^[BlciSig 
4- ^ S -t A ffl n ?# ^ o 
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^ [0 0 9 51 1 5 574^'bffiE*|6]tcSM^ix/j*«0 

4 -gi5»l±, ±m^immum l 5 3 co**-;U*g£«2 O 

7 ir-iii§-r*o 7fc^¥:^^t«?PJi±, 3r*tl^l-i 2 4S.i>'2 
t 4(r>mv^mtA^^j:f)m&Lfz m^a. ^^x.(r>mmmn 

g. i'yu-V 1 0 0 fc?gtt&1S2 0 i:c7)ia</)fEj||3c!)*^ 

"Adhesives for Optical Devices " , ^4 SllJ^Ui' 
\~u=.-y ^ ■ uy > f- • r > K • f- y n ->*- • 

t *>7tU>;^(ECTC, May 1998) icfB© 
73 $ttrv>-l,o 5T'*i-3H-=l-*j$fflLr'i)J:v>o s^v^ 

^ li, 9-157352^. # r*3¥ 8 - 3 2 0 4 2 

5 2-^. #Fj§¥7 - 0 7 7 6 3 7-^, Si>% 0:Wl>r*mi^ 
< EP- 6 8 9, 0 6 7 - AUffi7F$ixri/^**/SW14fk 
r -g-l^t^i^oX^iStifttJi^ltiJ^ffMLr i^^o EX^Hilf 
35 8 9, 0 6 7-tl?'3fflffii;rjS^$tLi^-;ge. 
± m7t;t*-A5cJ)« (SOLNET) li. S«C»FBT(l|3:lt ib 
9- Sit jf ?5tS& ^ ff^ fi£ i- * i^-: * 

ffifflLr^>J:^^„ ::(757'n-bX(Cj3V^r, jtt'- AtJ-'^ 

J: ;t:/S«T^4-*i-'&fior, ::<75*t|;|-«o-Si57!i^e n r A^' 
'N- f'N f> Wt^#-=l-c0^ coSB^Ii 7 Kt^f^- i: L r 

@ SSTi^f^SaS^n'&o *<7)l5l»3if-Ali. -o(75S?m«-ii 

yj #ii.^7febr-A<:r)iri.g|56niPUJ:or-Ef-x.ibtt^c ? ib 

fx 'mi)-h(r)\f.-U-^^7Lh^hi)^^1(iiX'hho 

% [0 0 9 6] z.i\.h<r)'mi^W£®.mznx.x. mm.<r> 

Lr ^, ± ii\±&m.2 0 ffymmt y y°7 - 

ED 4 4(4. m9i^mLXm.mLtzXn^j:YCSELr^'i 

■i ::^<r>tiit}i,zmwi^fifzitmrmtmc X ^ umi^SL^ti 

1 -So */^Mr 4 514. u--f7t*ittini, L'--9-'>#it. 
C ZI4, L < (4, ^'ft^tt/'cf^U^T^^tt^) 

)^ -^oi- y-f-yi^^fflv^r^ 2 5 a , 2 5 b SO'^' 9 y 

F ^ 2 4 7!|ffM?n2>i: #i;-«£6t)^3rt^its|-r5flE« 

I i #<7)i T ti*4fl<7)*i'&(il4, ±m^^j:<<^riiT-^ 
h r^j^o KMPilt (AR) lg7>*5tWSM^!)gii.-$-ti--&/j 

ig [ 0 0 9 7 ] d 2 4 UI4, 5tji?S«& 1 2 4 e ^mMiJ y 

y'y- 1 5 6 tm-th%Wmzi6[ii,J^yi^-fi^-'y ("7 
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-tf-'-K-K) 1 0 0 ^:&±<7)MCM2I«2 OOl^ffim?!!?' 
Tjt^tiTi^^o mm:^ yy^y- 1 5 6 li. W?4-/SO-g|5 
^1 5 7 (7)^^;utJ?ii^'V vUBfiE^n/cSfit^^O^ 
1 5 8 4-^tfo ^co^^;H«j§li, (t-tfl-^lcJtt L 4 5 

Si. (i^Jx,!^. Tl^S^f a^SI 5 , 116, 4 6 l-^tcfSffi 
^fLTi^^ J: ^ tc. 4 5' <7)^J9eT'-^;b h L/^ U--»f 4- 

[0 0 9 8] mmij yy^y- 1 5 6(i. IE#=tji^U?g 

^-16 0^O±lZ*>^iM{Sffi«Sy:^ 8r^T-$?-s-t 

fStt*«2 o<Dmmmi}^m^tir\.^^o mmmmmi^y 
y^- 4 8 (i. mm 4 6 co[^^ ^1^1^x112 4 ic^^ti 

mmmi^ y^y- \ 6 0 ii. mm 1 5 8corS]^ ^i^i^T 

112 4 lC^^fL;^^iI{gfflffiES:^ y -/v- 1 5 6 i: [HI 1:1s 
^^^1-^0 y ^ yu->m<Di3 7 -7' ■7- 1 5 6 Rlf 
1 5 8 ^j^ffl-f-'^ft^ 0 ^ ^''U- >W\<D:^ y y" 

y-A A-^XfA B^mmLXi>mt>fj:^-:it\zm'^.'r^ 

[0 0 9 9] tfz. ffiiab'- A;^y'j ^ 1 5 4 (7)t&-?- 

7-7''7- 1 5 6 . 1 6 0 . 4 4 SC/4 8f7){tt>0tif£ffl 

mm\t. mim\z-k^^^-m^^^w^^^m^ir ^ 
:it\zi^^ m'&^fLfzit^zmLxm^^rLho 

ii> ^mi^mmirhfz^. If- Axy; y 5 4 
[0 1 0 0 ] [12 6 =ft^t:-AX-7''; v ^ 1 6 4 

<7)±ffiIIl75^^^fL. 112 7 Uli-f-tOl^ffMlUTi^'^^tL-rV^ 

ho C<0«Syt:-/.X7"'; y 9 1 6 4 Oflliili. 1 
6 5T^^:fX^ J: ^ Uf&T-Tl^^fl^^ ^ f^] ^ HBBm ^ tLTU^ 
^,a;^(ltt>T«iS!!tf-AX-7^'J y 9 \ 5 4 (Om^tmi^l 
LTv^^o f&^-l 6 5ii. nr© 1 2 4 <7)^Mt;itLT 
(l5ttfbnTi^?^v^(7)-e. f&?- 1 5 5 J: »9 'bm^izmi'^ir 
hZt'/)^X^ho ^JM. -7 ^ h U-yx h-TX :^ {^'^X 

fzif) ^ffli^rnr^ 1 2 4 

-x-;/-^>^'^t < iiu--»fv§it7:i^tS^'i 6 5ffl(or/<- 

[0101] c^Cti. H 9 97!;^ 1 0 8 ^#flSLT. v -v 



- ^ ^± / ^' ^ - > f bi- ^ - t Til^'T § ^ o 

[0 10 2] X-r V 7'lli3V^T. 119 9 11^^^^ 
J:^tc. ^^«L<iiE^m^r^«-7^^^8 1 Oii^i^-'j 

■7-2ff7ms*^2 oc7)±tijftij^ti-6o ^^'j-r-mim 
m^20i±. 9y y vmRi/::3r'^yu4^^mL. m 
m^izm(Df&»^^tfm^:^'$>ho mn-^^^ms i o 

i±r^<--^\ s 1 1 ^m^'X') y^^'yy i^\z^^9-y 

'J V ^ ^ ^-O/-? ^ - ^ > -r y 7°^i^M^'' 
/^*!>. fi-iDS^^^SvA- K7-7X^ 8 2 0 - K 820 

- 2 . 8 2 0 - 3 St/8 2 0 - 4(i. ^1^<ni: y 

K^vx 8 2 0 (i. L < i±. rn -7 , Xti. 
T/N*--f-^ 8 1 1 (7)Bgv^— §P^T*^o »^ L < ti. V 
•V K^-TX^:^ 8 2 Oli. #^<7)v^'^x-r V ^'T-I^S^tL 
'J V^*^-7^^T/^'-^^ 8 1 1 J: *9 <)fI:^MC± 

v^T/<--f-^ 8 2 1 ^^tfo V'VK7-TX^8 2 0 

y^W^<nm.t-\z^Ln\zWM^fiho 

[0 10 3] % \ <D^^)Vii y hXT- y yiC-fcV^T. ^ 

^ V ^ vx ^ 8 2 0 -.1 a. y "fyy ^^\zf^9 
->^>^'^tL/jr/N'-^-\' 8 1 1 o^s L^^-as^^ 

\^M'thfz^^ :^-^^^\ZWM.^ftho d 1 0 0 =^#B3 

i-'^ll. S^S2 0 t l>--^'8 3 0 (i. m^^f^tz^')y 
fy 7 -f ^r/^°-•f•^ 8 1 1 <D-'-)^<r)x, y Vi)^:^^'^'^ 
U--^f If "A 8 3 0 \z^h^>^') -^-m<r>%it^\zX^W^ 
y^'y S 1 0 izX^X^-izmm^ti. myf(DJ~y 
-y h^tihXnlz^ mmiz\^^^iki^htiho i"^^ 

-h. m&Lfzmn'^y^9<^T^^-^^iz^\,^x. hu> 

'f'<Dm^<Dm^tLX-'^(Dmm(Oy^uyr^)i^i±^ w- 
nLfz^U'y:i^<0$mi:Bf&L. ¥'ljLfz^Uy'(OhU 

> ^(DmmB {zt4'irhm^i±u-'f'<o^)i^hn(om^X' 

\S.-thX n \Z^Wi2 0S:C>'t--^f 8 3 OiiSv^nr^^^ 

-^'i\tmLxi>x\^^o mi 0 1 u8 4 



4' 
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L. I^Hizi^v^-r. v-v K'^vx^ 8 2 0 - 1 (iR^i^ 
tix^^^o CC0 7'n-tr;^i±, SIS 2 0 U-->f 
8 3 0 <Dm<D\^^i^'^L. m(DTy<~-^^i:miti-^ 

7^^^. •^>y')i^it. HI 1 0 2 izm^ti^ J: ^ U-+r8 

3 0 ^isSL/::i i 9 0^ mte^ti. mi o sizm^ti 

|g7fe^n-2>o HI 1 0 4 Uti. CfLti J; t5t#tbtL-2)fl^4L 

^tl. Il^(Dmum^j:'y ^ Y^-^T.^ 8 2 0 - 3®Lt/8 
2 0-4^j£fflt-^z:oO#Jpd5;^m$6>?.-ry-7'(i, jtt 
rt:^L/jhU>^84 0 - 3 St/8 4 0 - 4 r'^^ft^o 

[0 10 41 [^i:ff^'S-7'n-bxii. [wHitciia:fflig^lg 

oT. u--*f7t(i> mi 1 1 TiS 1 1 3 ic^^fL-?) J; ^ 
tzT/^'--f-^uii:A:^rf^T-7iAL. K^-^;^^^ 8 2 

[0 1 0 5] E! 1 1 4 Se>M 1 5 ii. n - •:h-lPl$KiI 8 
SBffllJllfi. (HI 1 AlkVFX l Bti^^fi^ 

ffl^n^o =J-^-[iIlz;^8 5 0 ^rff^^i-^ti^tlii. 

4 5" (7)S:MS=^90^ OJRI^^^Ui: oTiff?^ 

Y^i^^-n^\z^n^^hfz^\^m^^^tif-^ 

[O 1 O 61 [H 1 1 4 ^#03-r^li, §1 1 (OSrmiZ® 
8 5 I rtcOTEii, 4 5** OigffiS 5 0-e^2Oii:!ScL/>: 
mim8 5 2\za:^^\zKm^fiho mt. »iL<ii. 

X -/^SMco^£la:^^S)lCJE. y^yy ^fifzmmi(r>~ 
m-^^^m^^iXho :^y^>V^tifzmm\t. WfL 
<(i, §^lc02©f^S&[Kli8 5 l:?5i^(bS^2C02gr^SSEH8 



5 2 lc^Ke^(i^^4^7£0RW^^Si-^/:'A6. 

2 4 SO^'^' 2 3 O^i^^, ^ 2 1 <r>~UXx.-j 

m^mmi)^^'p^f^h<nx. m.\mm^yy vm 

X^'i^m\Z:^y^>y^fm\fX\^^o m \ 1 b\Z7f^^ft 
^i^ll, :^^')-r-9y y Vm2 3SC/nr/S2 A 
^^fifz'ik. iPJJiliiRM^il^ffiS 5 3t:J:oT«^S^ 

g H i: T I^ * ^ tL ^ o 
[0 10 7] #S^SS:0^^^-7>;i^tSitft:;!i?u-^fv§a-7' 

^J: 19 ^>^^'^Hfg:v^U- h xmnir ^ :^ ^ ^ ti 

^y^y»nm^Wii^^<OXUl-tL\^^o P--rv#SjyD^x 
nt^^^-^^^^'T^^^'^^tso ^.(D@^^(Dfzi6. If 

i Lv^U-^f'-CS)!?. THG- Y AG U--*fX(i:FHG 
- Y AG U--^*C^Xo ^J:i^(7^mmi^-^'^i^m LXi, 

[0 10 8] ^m<Dm[:mm:/)^R!Z^ii^ :^>j^y'^>v 

(RIE) v'n^rX-Cj^ffl^tt^o RIE-^Xi^ti. T 

/N"--f--v^R I Eib^him-t^fzibim^n^o :^fS]tt 

T% l®^4L/zfflJil75^^i^^:fi^o 7:f^< LX. 119 97^^ 
1 1 3 U^^n/z±fS^oyn-tX{i. U--*f tf - Ac7){t 
:b»5 I E-7'n-tX^fflv^Tlit)7l^^x^o 
[0 1 0 9] HI 1 6RI/1 1 7 ii. 4 5° 

^A«L/L'zg?&{^:^ y y'y -<nw<ommm<n±mmRrf 
mmmx^^o y ^mit^'^j^^r. xii. mnumit 

^ti^o -^^ti. nr^ 2 4 Tii^iSfH^ti^o nr/f 2 4 

2ff^m^*I^;^^^^'-->^''^ti^o ±ffl^' v y Ym2 3i± 

~:^>r^tl/z::irm2 4 <7^±izmm^tl^o :=^r 
m2 4 Iklf'/ y y Vm 2 3 it. >k\z. M/i^ y y^y-m 
mirmf&i-^fzi^R I E^L< iiU-^l^M'tm^^X 
9'-^>V^flho Sffi(i> (H 1 0 7ac/l 0 8 tl§-^ 
8 5 3T^^ti^ J; ^ {z^mmSL^nho &WL<n^^^ 
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[0 1 10] ±lBOiiO. gI2 171;M2 1 [ZTf^^fLh ^ 
nt^mMi^ 7 7^7-1 5 6 5:<y^M 6 0 Ell 2 

fi^^X?Mii[2I2 8 7^7^3 \ \^7r^^fiX^^ho 0 2 8 
Ml" '2) II. y^T-VMx 2 60TSBm®2 7 ^ff^fiS: 

y-(Dfz^\z^i^^ixho ±my^y^ 1 5 9li> f^ou 
-•^f7t^)tt^3DX. ^L<ii. 7'^X-7X^y 

fj^1-'?>*#BfTtIi^ttiba^o ^>Ct'. ^ 6 2 6 i:|^i:t>t# 
mi 3 7i)mf&^i^. ^^;u»gg;^7'7 ha57ii?f^^$a^ 

T/N'-^^^^-r^xsp^m-^x^'^ 1 6 imm^ti 
>k{z^ mmLfzT^^-^^ 1 6 2 mmij y 

xm^M L A - If > * ;^ pj- > • r r U - V 3 > (M N 

A) . mmLfzU'-^^^my^^^u--^^m&)y''7 x-^j^y 
^>:>^(Dxn. mmttzmu'^m^'^y^yX'^j^ 

(Dy''yX'rj:.y^yr^j:tlzX^X^=f^Xi^X\^^o Si 

6 1 i±. mmLfz h uy^^mmi-^fz^m 6 2 e u» 

oT. :i<DXm(^fzi6(DJ:-y ^-ry.^ t LX^^^-f^o 

UN A(Dm^i:.. m2(0'ry^^i}mm^tt. nm^K^. 

mmLfz:fj y h^m. mm(DmmiznL\^^i)m^f 
htifzit^mm^M^mmizmML. ^kiz. mm-t^zt 
izx yjmf&^ti^o mi 6 1 
(PCM) tLxim-r^oyx. it^mmm-^<n-m^^ 

[0 1 1 1 ] 02 8 =^#Hst->E)ti, ^16 1 mt^^ 
ti. m^y^ h y -7vwi@x h y y^iom.'^-^tm 627 ^^^± 
m(Dxmtmmr^Lxmm(omm±.izjfm^ix^o s^v^ 

JiSS:^ y y^-fflOit^^ 1 5 8 i}^ 6 2 7 COXU 

X hg^a'^iitiietj^^>°^- v-xv-^v^^^xfiuj; or 
r% ^^^)-^-m^^mm^iz$myjmzmmm^^y''y X 

■^j^y-^y^y^'ij-iiyxi^m^ti^o z<dx i ^j:y^^ X 



^tt^ J: ^ tinr/f 1 2 4 ;^^&1S±tlffM^tl. mit^ 
Tv^>6o mm I 5 8<7)S±a5l±. Sif^x h 

wexfMoffet;. mi ^^^^7r.^Mzm:immLfz:L^ii3- 

ibSr^ai-'^o S^RW^XS^ LT. ±fflij^7 y K§ 1 2 

^U'^^hiti)mw^um^n^ ^ t^^v^0&9 0** 

(nniSiX^ y y Ym\^^mm'f^i)'hXhho ^ 

m^^fi. tmLfznm<om^i)^^\i. m-^^fihito:^ 
[0 112] cuY>wm^m(r>m.m^^ tm^Lfz±Wi 

tir^\^nm^mn^^m^^^hy'u^y(Dmi^^'iin 

:iti)^mt Lv^o ms 0 iZ7r.^nfz:jrm^mj:mzis 

m^^^§L't^fzi6::irm<7^±lZ^m^tin^o =?rg 

tC$)^o 2Sr-7'n-^(i, nrr^^ ^ -7 K^O 

yy Kl(i*ffl¥ffiS-Cfiffjg^n. TttfcSLfl^^iSftW 
t::?S^^^-ti:^7&^fbT**^o tfz. SifSffiii. ^ y y VM 

X) Mv>rtJ;<. ^cofS^hLT. 7fc3*.j$(±WeMT' 

[ZX^X'^^hflhf)-hXhh. ^VMi. Tfe^atfl^ 
li. CM? y''u^y.i)^arm<DW^mkX\tf£ < XffliJ^' ^ 

ti ^) CMP L^v^o :Lfi[zxn. W-M^-k 

x\tt£\.-mMi)mhrL. z.<DmM\t. -jz^^tii^i^uT. ± 
mALXcuvxu^yimf'^^^t\zx ^^mit^ft 

(0 1 13] ^C0Saig7'n-trX(4, ±S^^:K#ffitl7tS^: 

^ ± i: ? it ■5. C M P 5ff ©IS 4- € < «6S t; 
? n ^ o TtSPJ^ u i o T 51 f k ? n ^- !S5£W#75f jgrSSS ^ 

l4PIc>^v^o 113 Otc^^^/:-Xg(Of^:, :3T^;!)*Jg^ 
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hti^ztitf£\^^o '&^£^¥mtmit. 'E^gutL>i:-c± 
[0 1 14] -<-<)m^mm^mf^ir ^xmi±. 

[0 115] ffi'l4/i=^^ti'+@5:iffi*^««(i. ^<y^y'U 

ft^ii+iS®I^S«cox--y v^'T'i^ft • §{8^:^. /< y ^ 
7'U->c7)^ffir'SfS • iiM^tL^o 113 1 RVS 2 ti 

y-tv^-^i-a^l 0" ij^^^ y ^ yu- > 2 1 0 
[^§i;^^^n/::tll:i§^*2 0 0(7)-||iSj^j7lif^^fLrt^ 
'?)o MCUmWil 0" ii. ±fScOMCMStSl os<:/i 

0' tmcB^xmi'i^^ti^^'. MCM»«io" tern 

- > 2 1 0 (i. ^-X^=K2 12^. rStt^ 12 0" 
t. 12 0" lcBffi^tL/j?S£5:cojirSK2 2 4 a 

- 2 2 4 R <h ^^tjTo 2»?Sie&2 24a-224Rii. M 
CM3I«1 0" OFa^T'TfefS^^feJii-^/^^f^ffl^tL 

^ LT. MCUmWLl 0" iif^lSJ: ^li/^y iyy^'U-y 
S&SS 224a-224gii. itWM^^- K 2 

8 0 ^c<^:oT^jt$&^n>2>7t^^'7-cov-x=^^5^i-^o 

--^5^^ :t- VLD(nn!^t)\t^^- K2 8 OOiffr^I^&UgB 
JH^ti, K2 8 0(Ommt\t. /n'v ^•7'U-> 2 1 
0 ^IS^f L/^^-K- KO^yvtiS?7;i^ti-&o 2fflJ'Jl±(7)U 
--^'^^ :t- KL Dom;^;(i. ©rmi^i-eto/W- 

rjS'&^tL^o ^nii. d^'- K2 8 0±c7)4i^(7)2fl<7) 



>ALX%fr^iXh^ rK- K2 8 Oii. MCMSKl OS 

t/1 0' tn\:^^n\zm^^fih^ 

[0 1 1 6] :^ 1 6 OCOJ: o^^mmi^ yy^y- 

ti. U - > 2 1 0 (7)SrSK2 2 4 a- 

2 2 4 g^, 7fem?-MCMaiS02g?^£&<h. mi^,'-K- K 

2 8 0 ^^F^T'7t:fi-^^*S^-r>E)/ca6. ffi^S/< v^^7> 
-VcOrStt^ 12 0" rtUt^ttibti^o [112 3 - 2 4 U 
if^^^Mzi) yy^y- 1 5 4SC/1 5 6C7)J: ^ ^^itilcOTfe:^ 

va5H?FM^:fxrv^^:^ y-y^v 4 4S:^/4 %(r)^n 
^iHli:^' -y'O:^ -y y^-^ffiffl LT*> J:v^o H 3 3 U 
ti> SffcT^^m^-MCMSISl 0" 7:>V<'y ^ > 2 

1 0 tl^Si-^fIit-CvX-rA«iif$2 0 ^(DWl^mif 

^tSl 0" Tii^^^-y ^yu-> 2 1 ^{zm^-t^W^ 
m%m\t'^^^^f\^X\^^ho [II3 3i;(i. atSl 0" if^^ 
■y^-7V->2 1 0 tC[^J^i-^*iT-Oi^^;6^'^^aTv^ 

M C MS« 1 0 " (7)f§14® 2 0 " (i. S« 1 0 " if^ 
/s'y^yu">2 1 ^xzmk-th^-mxx.v V\Z'(!^->X 

^-XSI^I 2 75^(b^St^tlTV^^o ^<7)1»igUiig|o 

7)^t7)^pij,a;7:,?^^^„ y^wz^ aiSl 0" co^-x^isi 2 

U-t7'5^^;^2 2 5t^J:oT$^Lrf*?t't^C^7:)^^-C 
i:^o ^2 tC, S^l 2cO±ffi(7)m^im3 0' 

3;t>^ ^ 2 2 6 \zmm)\Z^m.'thZ.tt^X^h^ n \Z 

f^ho v.fzi)^^x. max 2 ^m^^u r^mf&ir^'£^ 
mi)'^j:< ^j:^o s«i 2i)^§rmm.%&mz^ ^m^^fi 

^m^. -m^iZ^U Ti)^m^fhtl^o rJ^.^^2 2 6 

±60#m^«-f-ii> tirt^ti(ny^-^ 2 2 7 Rrfmm:^< 

y K2 2 8 tiZX-oX/^y ^7'U-> 2 1 0<DnJZ^L fz 
mm^^ y K 2 3 2 Uilltbti^o mm^^y K2 2 8St/2 

3 2(i. -olI^i^fi^tlt^fL. ^7>K. 

m?S4-eiiL. U-ty^^;U2 2 5 ^>'< y ^7'U->2 
1 0 UflJt*5^tlt^;'ji6il tS^o, 
[0 117] mscom.^.t LX. 2 0" ^SISl 

2^-h^mir^Ztizxy) . m2 0" coSfK^^. ^^-^^ 
^y^u->2 1 0<7)/l 12 0" i^coS¥S2>^; (^J 
y 7'7- 1 2 0) J: *9 iEPIlcg?iJ ^-ti:|#^ i: 
^ ti4^>E,o 1 2 (ii^c^ ^ n >OSc?;^=^^tj'^^^f^ 
<. ^OS<;^tiJ:or2i?5^g&^S¥S!:^ *y 7'7-^OPJ]tz 
:^i^i/>^3?iJ^^7!i^^i:^o 3^2 0U-t7'^' ^'^U2 3 5 
li, /<y^^7'U->2 1 OcO±ffiU^^^ft. y^y^-f 
2 I 0\^<Dmmi3 yy^y- (&!lx.l^. -nyy^y- 
1 6 0) llJt^L. J: *7iE?i^aMicB£S^tL^o MCM 
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&mi 0'' ^^U^y^9 ^ }V 2 3 5 A^ti/j^ ^, S 

-f7'5^^ J^ 2 3 5(7)tf uSf^l^tL. mmiJ >y^y-i^H 

(13 2 tiii^jf?iCOSI^7i-*^^fLrv^-2)o 
'J v 2 3 7ii. X:^f[S]lI(igLTSSl 2 7)-ib^2 0" 

Y:^fS]lcRgLT. 2»rSS&=&fiSS;^7 vy^-tilEfili:: 
m^\^-thfzi6. U-ty^i5';U 2 3 5ii> 113 3t::^^ 
ti^ J: ^ HXn y h 2 3 9 ^^Cto 7 h 2 3 9 <7)S 

®2 0" cO±DBtc^-2 3 Si)^mifhti. ^-2 3 Sii 
y h 2 3 9rttc$fr)i^^ J: 0 ^B-Cig-^i-^o Z:fe- 

14® 2 0" (7)jcy 1 2 3 llKtii^^^-tir^b^ 

[0 118] fie*c07fe;^7 y MCM««1 0" 

T^^t^/^-;' i^^'W- > 2 1 0 izm&^^i^^ir ^fzist)i$_m 

tlTV^^ a ;f i> ^ ^j^ffl-t->l) C ^ 7!>^'r- § ^ (T^T^WtR^-C 
^iO^i'g'. l^(7)agf£g&^/:: 2otJL±On^>^ 

^aiSLTTfefl^Tii^^igJPt'^o [13 3 ^1 
(7)igr^^S& 3 ^ ^ 7:i%14^ 2 0" <D:r, y i/^ L < ti^M 

izM^Hifhfi. --)^. m2(r)mim^^-^ 9{tm.mi^ 

7 -7' -7- 1 6 QCOiri&X^m 1 2 3 <7)^ffimjt^)#tt^btL 
^lS^/^2con:t^^^ii-#:fi<3lcJ5^LT<) J: 

^■^^'yB>\ 1 2SL< (iffiffiSt::? ^ 9 iZ X T^S 
10" 6OS14/i2 0" f^<7)SrmtH^M^^x/L'7lc:-7 T >f 
0 2. Bi2i7fi£&. 7fe-7T^yN'TU'1'. Zli. ^- 
v>^^•:^*>f K^^rLTMCM3£« 1 0" [ZiM^^ti^^ 

[ 0 1 1 9 ] H 3 3 T'ii. r514^ 2 0 " 12 0" 
li. >efL-?-'^i(7)ffi1S 1 2S?/2 1 2(7)±lli:Hf^M^tL 

POU^^ti^ J: ^ (I. rg14^2 0" RVl 2 0" ligU'^ 

izim ^ ft. ^fim(Dmm^ L < itmmmzmm l 

tMf^l^ffl-C^^o MCM^«l 0" i)'^<y^y' 

U-> 1 2 0 ->'T'f£14^ 2 0" ^ffitel 



27!»^*bSl-(c53^S|-r^C^7i^T'§^o I13 3li^^n/^ 
^ifeWI<7)t§^tc. rS14^2 0" im^l 2<D±izim^ 

n^mrti. ^2 0" i}^^! 2 -^^h^m^fi^^^^ y 

vi;©oT&«l 2<D±iZ^m^tl^o m2 0" i)mf& 

[0 12 0] iii^mmmiz^'o^ im.^j: ^^mt lx. 
h^^y yi)mf&^tifzmmi^mizm±^ti^o - 

i6 1 c^^yy'mtimmmm^^mzmm't^^t:^'^ 

mi'Zfj::ho 

[0 1 2 1 J 113 5 Uii. rg14S1S3 2 0 icfl5it}#ttfb 

n/j^-y y® 3 5 0 co0&[tffffiii7:>^'^^aTv^^o ^m(o 
m^iz. 2m(r>^y y'3 b \Rif3 5 2i±$^mm^tzm 

ih^n. ?gttS«3 2 0 (i. VC S E L J:-^ y 5^T-V<^ 
X 3 3 6 'g:7tSf^-T-v<^ ;^ 3 2 8 ^ tiJ: *)«ffi^tL 
^ yy^ms 5 Oli. #^::^tt#mi4S^ 3 0 2 UJ:o 

ximmm.3 2 oizmm^ti^o z(DXn^^mi±m^m 

miZiol^X<L^^X$)^o VCSELj:-^ y 9 t-V<^ X 3 

3 6ii^';'y3 5 1 iz x ^mm^ti. itm-^^mn.&u 

3 2 0\^<omm:^ yy''^- 3 4 4 izminir^o 3»rS£&3 
2 4 ali?SEa:^ *;''7'^- 3 4 4{zm^^ti^o 2*?^£&3 
2 4a lilt^^iifflfflSM:^ v 3 4 8 tlf^JIL. 

iSftfflffiiH:^ yy^y'-3 4 s i±ytm^^^±r^<^ y^ 3 

2 8c7):^tziii6^o 'S:7£-rVM7.(7:)m^tb:^ti*2c7)-f- 
yy'3 5 2±0[lSSlitg^^^^o 3 5 ORV 
?S'I4S«3 2 0 ti, m^Lfz::J> 9 h ^< y V 3 3 2 i: 

^Lxm%m^^ms.izmmL. m^$ie&3 3 oRvm 

^>'^Mr3 3 3 ^*i-^o =5 > ^ ^ K3 3 2 ti, 

^m:Hi^mmitm3 0 2\^iz^Wi^tifzmmmmMt 

i:<!\^LXl§:^^izmm.^ti^o ^< y K3 3 2 U J: t)f#ibtL 

[0 12 2] ^m^^^^mm^(ofzi^. x^^mm<omm± 

ALT^^^tiTv^^o VC S E LSZ/S**^- (P 

D) im-k^nx\^-h. ic^yy'mmm^m^Rif 

[0 12 3] mm-)5^mnmm^m^^^x i c^yy^m 

3 5 o^ffittffi^g3 2 o\zm^'rhixt>y)\z. f^^tt^K 

v-r -< v^'*^ - h =^1$ffl LTi J:v^o ^35 Oom^^< 
^ K3 3 2 t2l«3 2 0<r)^< y V3 3 2 V^m^k-Thtz 
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m^i^mm^ti^o tfz. 1 9 9 i i h i s Btim 

SS^^X. I§^<7)^^J;;:>^ "Multilayer Laminated Substra 
tes with High Density Interconnects and Methods of 
Making the Same" T$>^. :$:|MootBII AHISS: ^ ^> 
§^^M^'^^unt Jiang, Tom Massingill, Mark McCormac 
k, MichaelLee T-*-5>*gl4flfmgS^O 9/ 1 9 2 , 0 

i>X\^^o ^hiZ^ 1 9 9 8^1 2 1 StZffiffi^:n.. ^ 
^(7)^^.711? "Condutive Composition " "C* 0 . '^M<^ 
mUIAlliS'Sr^tL. %^^7ii^^Hunt Jiang, Solomon Beil 
in, Albert Chan, Yasuhi to Takahasi T*^> *11# i^di 

^1^0 9/2 0 3, 1 2 e^mmm^zmm^tifzif:^^ 
im^ti^mm^^^>r^ >^'m[izm^^ri,x\^-o ku 

o-Chuan Liu, Michael Q.LeelZ X ^ mM^ti. ^^^i)^ 
"Transient Liquid Alloy Bonding" Tfe 'i) ^ID^It'tH 

=^ftSS1-^/ji6^JAr'*>^o S/c. LoveC^^T^^. ^ 
g|comiIAmRS^tL/c*lI#@t^ 5, 3 3 4, 8 0 4 
-^tC|S«^tL/^g£«a+@i:il*Sfl|:it (WIT) it. »iL 

itWi^'k. T L B (Transient Liquid Alloy Bonding)}^ 

10 12 4 1 mmti: I C ^ -7 7'^ 3 5 0 RXf^^^U 
^ 3 2 0 ii. 113 6 {Zir-^fi^ Xn\z. SvMcSr;fa^t? 

^hfi. mm^j:4m-)jm^3 o 2^l< (^^-k^t-w > 

a^o ^®'t^corg'tt^«3 2 ii. L < i^^mu 
xf&WL3 2 \(D^<D-'U(n/<^r 3 3 3\±. 

y 3 5 0 i)-hm(n^ y 7'^ 3 5 0 icm^ff -^^^31 
\/^:K>T-W > - h . Huntftiii: ct o-rPf3l§^tl/^#^ 



3£=tS3 2 0 t I 7 3 5 0 ^ copajr^SitiifEii ^ 
fi^::t-r*>^o *z|g^(iBl7F^fiTv^^V/^7!i^ :^ -y 
■7*^ - 3 4 4 S6K3 4 8 Oct ^ y -f^-XZX 

^X'^Bi\Z%M'thZhifX*%ho 
[0 12 5] fS1±36«3 2 0<7)zgrSS&S:O'ffecOygttgBa°p 
li. 1113 7 - 3 8 ll^^n^ J: -9 UglJ^^co^tZf^SJ^LT 

1 ii/^o :*:C^JO*§'&. rSttS«(i. 3 2 0 a ^ 
r£1±aSp°p® 3 2 0 b^ll^W^n^o S 3 2 0 a;&tK3 

2 0 bli. ±ffioa«14'1^'>T'^ >^^v- h 3 0 2 * . 
Huntlttit:: J:-6#'^M-7'n-trX. liA/iig-g-. ^SiEtSc 

TLB^g-g-. Xli. WI Tig^^lUiioT-'OHjg 

[0 1 2 6] 113 9 7!;M4 2 Hii. l&TtT-VWX {Mx. 
\£. VCSEL) t. X>f -y-f-T-VNMX (W;li^. Tt^S 

-r[Il-C^)-^o El 3 9 tli^v^T. 2li<7)SlJ>^(7)^f*IC0 2^ 

mmmij yy^y-Rif^ismmm-^ yy^v-^^Lx^s. 

ti. 2m(Dwtm'^ yy'''7~<D?^<Dic^^izmm^ti. su 
m(Dmizi\m^ti;ho ±MM^r/u :^i±. m^itup[ 

(^L<(i. m^mU (EA) W^t^-) *f*gpc7)#M 

izi'^m^tifz2m<nm.^.tizx^m^^ti^o mj-it 

-try h ^tiT^jflSUcTD^'y 7'=^^*;^. ^g^Wi. 
m 1 2 7!;^ 1 9 iZjr-^tifzTs^ yj-r^^^ X 2 5 omT" 
7t*t»ti^^L=fT;bfL/^ J: ^ \z. it(omm\zm^LX X 
v^o [14 UKi. y^m^mt^:^^ y 9 r^<^ 7. mk. 
VCSEL) \zX^xm.b^x.hflX\^^h^.i:^^.\^^ 

Titii:i8ai^^'t^o m:f5(r>m\z^\.^x. m\±. ^^>r 
^^yr>{>y'y-v. r>V'-y^)ut{±A.fzm^. ^ 

TLB^g^. xit. yNiTmrnizx^x- 
m^izm^^^n^o 114 ouii-fco— i^ijTif-^^^ti. ii4 
\ iZ7jk^nfzmm^t\^\:.i{:mmm:ikm-t^o m'i& 

iz. [14 2tC(i. 7fe^iflt?f-VNMx^^A-t^^^4^< 
m2(Dm<Dmi&^izm^LX\^^^^ 1 0O^i<7)Ji^ ^T-' 

ioig.tsti. /<^r=£-j^fflLTTffiuBs?a^:fx^o mz. 

m3 57b^3 S(nm<om^\,z^ ±%m(r>tp(n{}^-^j: < ti^ 

-mtmmmi'^y^^'t:^{zx<^xis.^Hzmm^ti^o - 

(0 12 71 ®7i>^gfj>^tci^f^^n, mm^izm^Hiih 
fi^m(Dm'^iz. ±mvxn.r > s^-y ^ )i^mA: xit. 
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6 7-A-^Uf£«^tL/jS0LNET®r^gS?BfiE7'D-t 

Sflli, ^m<^mKAizm'S:^ti. #IH¥6 - 1 4 0 5 0 
2 6-200974 -f-. 4f gl¥ 6 - 2 0 4 9 

2 2 -f-. 7 - 5 9 2 4 0 ^Rl/miW- 7-610 

9 2^Utto'<^7fe«l4-±?gLTV^-|,o COSOLNE 

[0 1 2 8 J [13 5 7^7^4 2 tC(±. [lffi^^^<-t-^/j 
1 fl(7)%7fe-rV<^7^ (VCSEL) lIScO^Tfe 

::<7)J: ^ ^^m^'T-VNMx=^$5rfiXti^S5:i@^tfo VCS 
EL. '§:±mi^. ity^^ y^<nitt?y) i^z^ ^nr 

^m<Dm2<r>-f-yy^m<n±{zmm^ti. ^2<Dic^y 
y'm^mm^ti. ^^&m±. mi(o^yy'm(Da!^t}R 
i/xt)i)'m2<Di c^yy''m<D h^y ^ y<Rvm^mizm 
m2<D^yy'm(D}'^^^mv'm^^m^^^m 
^<Di/tm^r^<^ :^izm^^ti^m^^m^'tho z<n 

C^yy^m<r>y^yh'tM\^iri>Xnizi'i^m^ti^o t 

fz. h*^^ ^^ym^^mwm^yy^^mmir^^<^T^m 

r^ff^-t^ VC S E LR{/'S:itmi^\z 

njz^Lfz^bf^{z&mLx i> x\^^o ^fz. mxitf^<. m 

^^(D':rxj'ty^m<Dr^^yy'^mmLXiiX\^^o 

m^. y'ti^y^v^/v^^^<mumicm/isi±m 
^<DXi ^j:m^i)'i'j^m^ti^o m i i brvi 2 o u 

li. \^umf)mm^ti'i^^. ^ yy'm<ry^-yy^\t^yy' 

^mm'f^^<^r'k\^7Lfzm% ^^/m%'m^ y 

';/yr-l>i:i/^o ±Heo K7 ^^^/litifl^ 'y 7't±. Yy 
^^m^. l^ifg^lIIgS. /MTXHIK, SS^^ftE] 

2. 1 1 9ac/l 2 OUioV^T. K^^/^Vl@^Stff-^■y 
7\ SC^VZii. 7'n-t 'y-tf/z-^ev-^ ^7'=^^tf^ y 



yii. VCSEL. ^Tfe^i^, ^Offico^T-OJ: 

M=£-?FMi-'i)-<tm: #^[^om^>' ^^*^fi^^•t 
[0 12 9] -f-'y 7'lg|^(7)^vyii. /NMr^:g:«L/c 

K^^^</l^ipSgff-^';' 7''C*)-^o [2 3 5 7!?M4 2 . 11 
9S?/1 2 0 U^^tL/cffifiili, FOLMS^^OE-M 

QM^'^ts^mn<ry't^x(o%mmzm.Wi^f\^%h. i 

3>(i> FWt::m0>gL;L-[2li^^:h.Tv^>i>iii9^iIiJS(Oiff 

X. mmmm'M^^m^^z. #iSrS^^-£^stci^'i:T 

[0 13 0] ^mm^i^. fR^7'nH:x. < (i. z 

XXii%*T-vs^^X VCSEL) ^^h(Dm'& 

^l±. mm<Dm^&^^mnn^±y r ^ y'i. yr^y<r 
U>f. y r ^ ^-'Jif^ V\ sKvMi. 5^t^gR3?flgtcJg 
M^tL^o 7t^/<7'!/^. 7r-f/<^>-v:^^^ K. 

y r ^ ^mVM^&^T U 4 i±. ms 57bm4 2{Z7r.^tl 

fzmm^Si tc J; o Tf^ V T- A ^uzitiB-^-^ 

feiii-^o ra»^^?f^r% ztih(D9mityr4^<. yr 

-r^<TU^. 7 r ^ " K. RZ>\ SfSS&T 

-ffKD^^ii, 7fe7r>r/N\ 7r'i'/<TU^. 7T^/^^ 

mmiJ yy^'y-^L<a\:^-^^y^') y 9izmmm 

{z±^^^^tifzmmxi^^i^^m^zM^it^fhti^o m 
m^tifz:^9 y ^ (D^m^^x^^-ijcoumiz^ 

m-t^^lizm 3 2 0. 320a. 320b^L<ti3 

(D^<D\.^'rti7b^-'-::><Dmi>zmm^ti^o mmmi^wt. 
TS(>mRv±^mxmm^ir^o ^cT^^iiUct^M^^-?, 

m.^M. ®320. 320a. 320b. 350 cOP^lO 
if:^^L< iiiSf*<7)-f--v LXim^ft:h z tx$> 

^ o 

[013 1] I C-f-*y7'^ 3 5 0 ^f^Sai-^:^f£0-{?iJ 
7)^[II4 3 ;^S5 0 tC^^:MTv>-^o 114 3 =^#0^-^^ 

I C^-77'^ 3 5 0 ^ii^/WTii. S^JOtcg^e^j 
^^^4 1 2^5tt). ^0®^fi^j^^1S<7)±ffitl/W r 
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^ToT^bctv^ ArjavalingaIn^t&^^l§^f ^fl/^* 

I1#I1^^5, 2 5 8. 2 3 6^^#as<7)^ ^) , /<>r r 

mmi)m'^(om^i^ o ^ -/tic j: o -r ^^^-f r r /^•- -f- ^ 
m^. m^'M^mmm<om:f}mm.(D^miz:;^^^ y ^ u > 

■ [0132] r®^yo-tX£7);^(7)XfI^ LT. :7 

ho ic^yy^m'i^o^m^&^hm^mtii-nmzn't 

i/^o v-K^ii. I C-f-v -7'^ 3 5 0 c7);gMm£^$lg& 
3 3 0SL^/ffi5:iI^S^^''y K3 3 2 ^co 

m.mm^m.m^^h ^ j: o-cjt«6^3i¥ < ^t^^o 

^ ri}mf&^tlh^^Vl±^j:\^^mP)x:^'^^^i^'<^y ^ h U 

-yx h ^psti-r^o ^o2inigco/N'^-^>^-xeii. 



hi}mm^tifzm^. ^ y ^-^ y^ ^ ^mLxm^iii±y^ 

^LX ii X\^^o 
[0 13 3] 1114 4 i^m-thiZ^ Z(7)-7'n-tX(7);>:CO 

1 2(Dmm^zM^Hifhi^ho 't<Dfzib^ m^^''}-^- 

ffiSI^4 1 4i)^ys}^>:=i-7- -i > ri^zX-^xmW.4 1 2 
«7)^ffiU?FM^ti^o •f- >'-7''3 5 15.^^3 5 2 (Xii. 
rS14gBD°p) ii. lELvMSMl^^g^ti. ®4 1 4 

^^hilho ^4 1 4 (i. ^4 1 4<DU^WMiti£^9 

<D'Sm(omMA^^fS.'M^'^hfzi6. yy h^-^^mL 

xi>x\^^o ^yy'mmxmi±. mi 2Tjm\ 9U7P^ti 
fz±U(Dmm^2 0 ^f^^f&i- h:;jmxmm^tifzi:m 

Mxmw^tihm'^. m4 1 4m^&^tihmiz^ m^^^ 
^uAtt^^^v- m(o±^zm&i-hztmi't l 
v^o ^(oj: ^ ^^i^mmi±. un4 1 4 7:>^^^ig4 1 2 o# 

;?t:;tv^^§^lcftm-C*^o -f- >''3 5 1 S 3 5 2 4-^* 
'^(7)[iAfif+it=^fflv^T?5(t:)#tttbfL-?)o ^35 Oi)^^ 

m%mm(D£^^izjz^cxim^tiho 
[0 13 4] >k(7^mmy^^~^y^i)H^m^tih<Dx. 
y^3 5 \Rt/3 5 2 it. L < ti. ±mo^m^mm 

ikit^27x. 21 V. 21 z m\2) ■^^tsmM21 
^*L. ^fru^-V27y(i^>^'x-r>OJ:^ 4^fiif^ 
X h yy^jg^-^ti'o YC^yy^i)^ 

y :^-^^mi^x^hh^. i-^:b^. ^^xff^r-ii^t^ 

ft L ^ i^^ffiitTii^lA w^g^, ^icco wig 7'n -tr X T-ac;f^7i^^^ 

J; -7 ii-r^/c^. '?-ntb<7)TiittiSF®x h -y 

v^-v 3 >^tIff^^^^x^o ^ ^3 5 1 lkVF3 
5 2ii. AMS^lw. ±Ha«7)-x-t:>^v-v;u'; -7 h p^-•7:7' 
^-tX'C^^1^^fl> {^^^'ciyii-h^l ^ \ ^uy<r) 
mm(n) f^%\zn^^-h yy^U^u^\'^mx^ho ^ yy^t^ 
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mm li . y y^^^^ ^ - / n ?B^r- -E) t itf ^ n 

0 ^m^'^j:\^^x*mm-t ^ ^ t {1 X <:^xmm^ y y'^n^ 

(i. 5 /i m7!;S 5 0// mX*h^o 
[0 13 51 m4 4 izff.^tifzl 5 1 RZ/3 

^^tiT tffi^=^^^o ^ 3 5 0 O®ffi(7)/N'y VRJim^ 

rmiz^^ff^ <xi>x^^o ms b ooj^aco/N'-y ks^/ 

m^liliS7)^^*;^iB^^fiTv^^^v>Jf^. I C-^'y7'3 5 

1 5 2 <D±mitm 4 1 4 Hi^SJ ^ tLt#^o ^T- 
d^'^y h ^|!Jjhi-^;t:i6. ®4 1 4ii, ^ yT^^M ^ 

iILt-:@SS1-'l>-^:t;J: »7 . G a A s 7'lc±feco 

^iJ.'ST&nf'^n^o -t^^t^h. ^■y7'^G a A s 
7)^'bl^^*1-^;^^a6j^ffl^tL^A I A s^y^>VT.m 

(Xli. A 1 G a A s-Xy^>^^'XfI) (i, ^ 'y7'7;i^^@ 
^fi^3^»«4 1 2 i;ai:gLUgSM$tl^i T*5gJ«Lr 4> 

ffit)^v^o &«4 1 z-^mmm. ^yy^<Dmm^i\m 

-r-^xt: ^^v^;u^75^£b/<;l^:5^ G a A s^WL^^^-t 
hfz^. A I A s (Xli. A I G a A s) :^ y^>yiL 

mmityfth^ Lx. w.m.i:m^\z\c^-jy^^% 
w-t^mmtG a A ^^<)\^^mmzx.^xnhix^<r> 

X\ I C^ yy^^W-t^fzi^. d^"'J-7-Bi. if^:^m 
^L<ii. m<0&m^m\^^^'}l^mi)'^j:^'o GaAs 
e7^_^^^^(i^;|g4 1 2 Hl5?ILi:S£mLr ^) J: < . 

G a A s^«iiil>5r(7)^ y y^fflaU^Sti- 
^ ^6 fg?J[) II ^ ^ X ft ^ ffi^ ^ V ^ ^ ^ 7!i?Igi6 ti 

/^=^^£«4 1 2 U^^-t^gijOfiJ.^Ji. r-VMx^a." 
ZtX$)^o -xti>^ v-v;u'J 7 h :f7 

[0 1 3 6] (114 5 ::co-7'n-tx<7:>^>:(7) 
Xflii. r^Kx h 3 3 3 . ^y7'3 5 1 S?/3 5 
2. *A^^4 i 4 C7)|gttlg|5^C7)±tI:^''J 4 1 6^ 
i:T-$)^o ^4 1 6ii, cnibOS|5p°p«r#— 



xmm^tifzmj^^zmmmim^mf&Lfz^^m^izim 
mm ^ii/zm. -m^ izmwmiti'ii^m tir^m^ 

tc. mimit^ti^o ^^^'S 5 1 RZ/3 5 2 0f?^7^f 

[0 13 7] m4 6 ^#Bs-t^ic. mm^. ^'S 5 
\RXf3 b 2(r>mM mk,\f. K) /^^r^^Ts 

V 3 3 3(o}LUtiWr^^^. ^y)W-^^^t<M^n^fz 
mt^wmmy^^-^^^i^m-thztt^x^ho m4 

7^#{|ai-^lC. mffiS£&3 3 OS:i:/KM^^^^ K3 3 2 

(754^0^ <ii[ii 2ib^ \ ^ ^m^.LxmzmmLfzo 
m^\^. mm.mmi)'~mz:^^^y 9 yy^fttz^k 

[0 13 8] ^^r% mm(±^^^^-:)j\^^Mii^hn^o 
m%^m3 3 oRvmm^^ y k3 3 2^^±t^(om^m^' 

I c^ yy^m3 5 o<Dmm±^TL. ic^ 

■>-7''^ 3 5 0(i©^fi^J=^S1S4.1 2;6^(^lX*5i^l^^^^o 

lt&^l. ^is4 1 2ti® 3 5 0 iz^mizmtifz^m^^^ 

^^^^^x.^ Z ti}'^X^ ^(DX\ @^fi<J^ffi«4 1 2 
=^|^*i-^HUlI, 13 5 OcOXSiizif^aJAXfl-CSlJ 

^4 1 9 i:m^^xm2<Dm7E&'0^J:m^4 1 8 =^ I C -f- y 
•7-^ 3 5 0<7)±ffilCffit)#it^^^T-*^o Z.<DM^n 
ttcO^^TI*. ^1 0®Sfi5/^^*g4 1 2 7:»^'l^^*^ti^o 

z(Dxm<ois^im4 sic^^nrv^^o ^£S:oprv§i4 

X d^" ^ V ^^ *tMf I ib^ V ^ T l>a T* * »9 , 

^ 1 o®^fi<?^S1S4 1 2 uMi->£>±feco:b-ft^5H^i± 
i}^^^o Z(D^^^Mf^(0^miZ:h\^^X . M^'i>58'ftXfM 

tl. 7H:gHfa^S^5, 2 5 8, 2 3 e-^izmfjk^fifzm^ 

mmimizisif;bm%'<n^mm. sjvMi. js^3£is4 i 

4 1 9 ^=^^^fflL■c^> j:v^o mmmm.4 1 s ^^ffli-^ 
'ikm<om^. mmt. mmm^^mLxmm^ttfzm9\^ 
mitirtmmizmMi-^ztizx ^mm^ti. mmizm 
^ti^o ±m(oi&<o&^mmmi^itmLx i, x\^-o 

(0 13 91 ^>CtI. 4^''J-T-fA«® 4 1 4 =^l^*L. ^ 
•y y3 5 1 ac/3 5 2 <Dm^ i:mm^^lzW>^'^^fz 
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ffM^n^o ::ox^(7)|Sffcii[115 0 (i^^fiTi^^o 

ti±fflM7&-'SijogBp°p^ {znm^fiho ^ tit; J: o 
T. z^??^^jto/j*;)(7)ffi^yn-txuiDi/^r, ^ 3 5 

^^fbi^^?A«^4 1 9 =^^8?L. *ll#l^^g&5. 2 5 
8, 2 3 6-ttllEK^fL/^|J:^^Xg=^||S&L. ^vMi. 

XfItcj;oT^ 3 5 0 5^^ib»B6^fL^o 
[0140]III43 7!;M5 GlKi. ^l§^O^Sfe{?ijT*itt 

tf-AX7''; '7 hffl(D4 5' <7)§ISS?/7fet&^- 
/^t^'Oftli(D^tg6^a5p°p^f^iai-^Xfl;6^^^^tLf#^o S 

IEI4 37!;^5 0 Cffi|!c^fL7'^7'n-trXii, -^-vy'S 
5 1 St/ 3 5 2 7:>^'I^M^tl/cf^lCv<^T^-Ky; hTii^^fM^ 
ti^ X n IZ^'S.LX X\^^o -^T^J^-g-. ■f-y7'3 5 IS 
C^^3 5 2 ^»«±tiJ: ^) ft ;iiS;^M-C ^ ^fiJ.^.Ti^^* 

^*btz. IM4 STiSS Oco-7'n-tr;^XfI(i. W.^<^ 

f^1-^;^^i6. ^-y-y'S 5 K 3 5 2 m\-<om^£ ^ ^ ^ ^ 

ot-vn^x (i-^^t>^. TtmT-^) . Ri/yxit. mi& 

[0 1 4 1 ] [14 3 7!;^5 0 lcfem^tL7t::*r&(i. IC 
oT. rS14ap°p^ 3 2 0 b^f^§a-r^/;i6[W|ttltligffl^ 

^-^o zff^m^ 3 2 0 a (i. rm^y y K/ma^jAJ 

tL / ^ - ^ > ^ f ^ 29 liS n T ^ ff^ a i- ^ i6 i ? 

^gie^t;fs«^ti/jffi:toyn^xxfM=^iiJDL. s.^/ 
T. m4 snms oiim^tifzxmtmcxmxii^m^ 

ho ^M^mm 3 2 0 a ii. mx.\f. m i 2nm. i 9 iitj^ 

^:Mf.-S^f^XfIc7) J; -7 ^Xf£<7)|^-SXflcot1:i(D-a5^0 
XflTi^^fbff^fiK^n. j^ffl^^^^v^xfSiirSISffip^pOac;^. 

[0 14 2] *l&WcO|ft?gcO/ci6ffi©^n/c-f-<T(7)^ 



om^AiliR$^n/j*lHfl^^5. 4 4 4, 8 1 1 ^ 
5^^^-t'"V 3 >ft. S?>VXi±. MLD (^T*^«fa 

X 4- f&i^-r ^ i6 SB p°p (7) X 1 1 ^ ^ ;M sat P^ih^ 

[0 14 3] I C-f-'> -7'^ 3 5 0 4-ffM1-^^075^£;)|| 
iSCT^Si^L;^jc7)T% ^^11. :K'J-7-ifffSK^ 3 2 0 a 

II. ^7 y K^2 1 li. e^6^j^^S«4 5 OOXliffM 

4 5 0(i. t;^^^^^. tKb^b^ :^*7X. ngvMi. XfS 

1 ^ff^^i-'^stftc, ^mmRn'y- Ymi)mm.A 500 

RMUffM^ti. V- K^(i. ^3 2 0 a =£-ii^®mtt 
/^-r r(ofzisb(o^^^r^^7. v ^11^^60 §?g^i-^/ii6 

coMfLTii-o^^'ffiufieor ^ ^ '7 K®2 1(75X11©^^ 

fl. '^it^ttho ® 3 2 0 a 7)^^11'- AX 7' >; y 

T% US^<D^^^r^fS.'thfzib:x.y^y'>'^ix. ^L< 

[0 1 4 4] us 3 5 4coffliJ 

5 4 ti. 3*coTO*29rSfi&^offlyM[l'C*^o y V 
m2 \ \t. m\ 0 mcolf ^^^L. nr/g 2 4 ti*^ 1 
0 A mcOH^^^L. Sffil^ti 1 0 /i m7!7^5 0 n xn(0 
IS^^L. mm\m2 5 0/im<7)tf -y-f-T-SiMiaife^ 

^tiTv^-i,o u--^'^Rff(i> nr^ 2 4 ^ftii:j^^ i-e 

r'^;b^v^7i^ ^|lg±. y y Vm2 \ tr2rm2 A(D 

^jSL^titzm^twizm^vsM-^hm^t^hho 

^ItffOitiMii. «t?2 0 /J m7^M7 5 mr-*^o ^ U 
>^'i!)f^li. »S L< ii. P--*f«JIWXfI:?5i^tbOfiSn-=^ 

^>^*XfMt;J;oTSIff LT<> J:v^o y^X-roi-y^ 
Vi^^'X^Ki, -7 V 2 1 Si>'=?r^ 2 4 J: 

-7"t-tft<7)^^nr^ 2 4(7)XllB«Lr i^Jl^lf 
idf^t'li. fiSM'<7):/cfP»-li7 ^ h u vx h^coxgpti^fS 
^ith<r>x. 7^ h Uvx h;stif§^.^L< (iSaf^v^iS 
^m^LX\zy it Y Uvx h^^[^ii-^:ii:i;j:oT 

U--tfr*j:.'y ^>^$ifL/j h U>^7i^'r^-n 

[0 14 51 EI 5 4 XSBiJ^ ^ y Vm 2 3 
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[0 14 6] [15 5 5: ^'5 6 (iW*?&SS<7)(PjJ®[aT'& 

X*$)^^\ igvMi. HIS 6izW-^4 5 6 r-Tj^^n^ J: ^ 

[|lfa5=^x.-&;^j*!)HU--^'^llffg[5ffiftUffM^ti^ (112 
8 1 6 1 ^#H3co^ ^) o ^(7)^ -^^;i.fl|jtjc 

J^3t&^^L< liRSWt'^l'(7)^ 4 5 8^^ i^ff^§ 
U-^^mm^^4 5 6 m:oT5?S^^i;'^^^^H®;it^'> V 

[0 14 7] \^\^^m^^(D^^)i^±iz$mmiF^Mf^' 

ir^fzib. ms 7RZ/5 SiZTjk^ti^XliZ^ m2(DW 
5 2i)^±m(ni^tiy^-(D':^mi^^^xm 3 2 

i:^ti^o ms 7 iZ7r.^tifzmMm(Dm^[z^ ^mm^ 

5 3 li. m2(DV^^^^£m 452 320a tO^iZ 

-^y^'^ft. m^^m'^\.<\tKmm<nm4b7\z 
mm\zm^SL^itha m3 2 0 z\ti)-<Lx^^L. i 

C-f- -y7'g3 5 0 «etMif3f14SI5D°D^ 3 2 0 bUfflc^#tt 
tbtL. ^icv^T% Ig2c7)®^e^j4'««4 5 2 7&^7:^*^fL 

mm^fihm\z^ ^rnw^^o^. 

36o^. i^EC VD ( 1 0 < 'J h-.'UJl;^ 1 0 0 

[0 14 8] mA 6 7iM5 8 ^ ti/c 7'o -t: x 

(r>y''yX-^:x.y^>^'[zx^xmf&^fiho ^rmtm 
fSL^fi. mt^fifz'ik ([15 2) . ^uu^^tsX.n^£ 



gi5^i±, ^ u Am(o-^mt^u^m^^i^xm\^ix. 
nhfifzm^Wit. [15 9s;/6 onTj^^ti^ct ^ti. 

^2 40SgmSI553^=£'l^^*1-'2)/ci6-7'^XvJLv^>^^ 

fiho m\^m'^it<nmfii)'±\Ltg:^^::.t^m£'thtz 

«ft L<ti. TMi^yy K^2 1 c7)4i j L/itt 
n^(nythU'JxhmRm&Mm'^mi:^ti. ^y y 

vm2 3i)mf&^ii. mt^tih meo) o 
MifKi. [15 5jb^5 sizm^tix\^^hx^izmm^ 

^ -a) O 

[0 14 9] ilEcOiTU. te<0 7°n-txco^-g-(C, n 
r l±5:**t*-1-ic J; I) PfiS; ? ^, TtflSMd J: o T5S^b $ ti 
-5.0 ClWi^-g-, 3r/N'^'-^>'i^li, R I E 7°D-b7.T- 
li^ < , /N"*'- >'fkS^^-:IS7t7'n-t:X(c J; oTfft>a 

8 - 2 6 2 2 6 5-^9?iafi^lcfie®$fLTv>^ J; T ^(Ig^f 

(±. 7'o-bx(offl^ffccofj46»iar-$,-i>„ L/ii^L, mm 

^ e> ^ Tffl^tT)^"**!) n -S. ±ffl 7 y tm 

[0 15 0] — «S:fl«)tl. US h\Z7p.^fifz.^n%mm^ 
co^ffiJ;!?^), Els 6 U^^n/i^'l-lfij^^fflfSBO^ffi^ 

L/'c^^ifoT. i'|.[6]#«)3lffg|5<75i^Et LTiaf^Sn/j^® 
(4, 0 5 6 i T IC, 115 8<7?l*II*]§^ltlfSBO 

[0 1 5 1 1 me 1 7:;M6 5UI4, fSttaD^pW^iSrSiSS 

4 3 7jS5 oso-'ms 1 TiMe 0 immLrumLfz:f3 

hl^ibX. ^ttgP4 5 ZAXfA 5 6 ['^ X {'^m^flfz^^ 
(4?'7 >'K^2 1 WfSti3ffi±tC)fM?tl. /N'-rr-i^Xh 
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il. [116 2 =^#flSi-^tl. VCSELf&7fcT'/<^X3 6 
y^UX^xniZ>Lfz^y y KH 2 1 ±0/N'y K3 3 2 

[0 15 2] [iI6 3 ;^^°'J-7-^2 5(i. 

•rVMX3 6SC>VNMr 3 3 3 =^ ?K 'J ■7-;t;t*'^1.0Bgi:^ 
\tir^fzis6mm±i:imf&^ti^o SOLNET-7'n-tx 

T 3 3 3 cOJigR^||mL. S2 5 ^J: 0¥±B^kL. 

6 4 iZTjk^fix^^^o >kiz^ me 5 iZTjk^ti^b xoiz^ 
m^^^Rif^^y vimm^tifzm2 5(D±mizjfm^ 

XfI=^fflt^T?fMLTt»t5^^v^p rSrtt^«3 2 0li7!i^ 
< LrffM^;^L. -+vi-^Jffllc7)/ca6(7)e^fi^j^^;K4 5 2 
^fflt^T. I C^-7y^3 5 OX(i> ^ 

[0 15 3] ^v^ii. me 1 7^S6 8 iz^^ti/ji ^ =t 
?f^-cWr^£&^ ^^Sttf'/^M X^<7)±H?t^ LXi^Xl-o 

ho ^h[z. mi^im. fSittr-VN'^ x/f. ^yy'm(ox 
nti:W.^(r>m(nm.'k^i)K mA 3T3^e ^{ZTT.^fitzm 
fii)-(nj:mm^%^\zx-^xmm^fiho iii5 97!;M7 

7 \.z-:>\.^x(r>mmmzmm\-^fzx ^ti. y±tii=^i6 

yy"') > yi%m-thfzisb^ T■v^'^ xeoifi^ 

^•7feyn-t:X(7)?:(3l$^^i^i6^cOT-M^ Lv^o ^ 
i.^:^ ^^''; >^^{^ia:Hctor. 7t^- Klix>r -y -f-/^ 

?/^if|g^^ffiffli-^c tTli^'T'^^o y514T'/<^X(7)T-VN' 
xipl^j3^< i:, T-Vx'^x§a7^^f«/i.^-t-^<7)T% 



W^^WP^^h^t{zXy) . T-v<^ X[^(7)m#/i^'±^ 
1g:< LT^ y ^'co^-^b^tfiM^i^i-^Xfltcov^riiffe 

t>^^v^o [16 7iiMS L^^^Mw^(r>^mmxh^ . me s 
liMi Lv^?^^^(7)itif®[i-c^^o ^i5v^/a^/r*^•w-r^^ 

y -7'ff^^C0 4 iicOX^ y ^T'^<>f X 2 6 a - 2 6 dii. 
:^§V^ipS^I?$=^^i-^ 4fSCO«-tL:>L/j2irm2 4 a- 
2 4 d f^mt^zm^^ftho 2frm2 4 a - 2 4 d t 
T'>'<^X 2 6 a - 2 6 d i:ORSt*M^^^-ti:^/j*!). -r 

X 2 6 a - 2 6 d (T^Sti^^ < ^j:hXn 
7!iMtit(bti^o M^:^ y^') y ^<ofz^<nz,<r)'f-f^ 

#T-vs-^x i:2ff^^S&2 4 coFB^coiticofS^-Mli. 
/Btif^o^mSff^'?)o m.'M.i^ yy''')yf<r>fzt>^SL^fii 
iiii. ilU-->3 >H J: oT^^'^ti^< It 

mi eikVFi 1 \t. x>f ^T-v<>r x 2 6 a 

(7)^'y y''i)^mi^^2 Aho:>%^XX) ^)fg:i/^ie^^^L> 
^ -y y'<D^*L^i)^m^^(n^^\z\tm^^ ^ :MTV^^«T' 

^^i-[tffffi[lir"$)>?)o 4»-L^(^fi®**6(i. ym^yy K 

^ 2 1 a cOXtcffM^n;'^^ ^ y 2 1 bco^T'X ^ 
;KC J; oTif t?tt^o 
[0 1 5 4] [16 6 ^#BSLT. [1 7 4 7!;^ 7 7tl^^ 

2 75-(bi&i6T. ^KO^'-y-y 2 1 2.if^-y^^ 
U \ 2co^®uffM^n. ®!fl:^ti^o 'y K^2 1 
a (i±HS<7)i^Tnco^^ -y K^^fl-lzJ: Offi^^^T^^tS 
t?^i>o -icti. ^2 co^ ^ y 2 1 b ^ y 2 
1 a ^0XUB^^tL>2>o CO^v -y Ym\t^ ^.it^ y y 

yy Ym2 1 b ;6^'5Ifk^ a-?> flu ti. Ht^M^7)^^M^ffir'^T 
t>ftfz X n \zr ^< ^ y^^yy'' 2 ei)^^yy Vm2 1 bU 

mm^f^ho ^2 1 b(i> yy Y^-'^^m^tL^ .-ku 
*^n^o ctitb^7)Xficof5^7:)^'(i6 7coitffffi[i^[i6 

8 0^!i[llz^^tiT^/>^o ^ ^ y Vm2 \ hi)^}S:it^i 

\zw^^^nnhi)\ i£«i«iti*^=^®^i-'2>xgii®0&^ 
±.u<D\'^mi:mz'^^[z^^ikt^z.ti)^x^hxhh 

n o 

[0 15 5] C0 7'n-tXC7)SPgT% •f- y7'2 6 ii. 
^Ot'/Wx 2 6 a - 2 6 d ^Mffi-t^ J: 9 (I/n'^^-^ 
y Cf^Ktz-k^\^^i^m)^Xhho cnii. ^^7yK^2 
1 bSO^'-^ y •7'2 6 0XSBU7:*- h U-yx h^^ffM 

T'/<^X2 6 a - 2 6 di)m\k^ixh^^m^\z^ y -f 
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2 6±i:*7^ h Uvx h^7)/^'y^^^S-r^<^:^;J:oT^T 

h(Dx^g(D^m^. me 9<Dmmmtm7 o(D^mmiz 

[0156] ^ -7 K/f 2 1 b ^^S:it^in^^tfm'^. 

m\^^h:it{zX^X. •^■y7'2 6 0TffliJ^[^^< V K 
m2 1 b c7)t--<'C(7)a^^/N'^ -r ^6 C ^Tlf^^T-^ 
^ 7 2 1 b (7)^:9^1^, 7 ^ h U V 

mW^X-U^j:\y^o 'SL^^i:.fZ^CX. y^h UvX hmi)^^^ 

die, ||7Tc;TfIcox:twu^'-^P6n't^C^7;f^^T^^o 
i/j. Cioolgp&r^ ^ y 2 1 bTl/^^I^Tfe^^ti^v^J; 9 

[0 15 7] ->:(7)X?I^ LT. /N'^'-V^iiV^^^a/jf-' 
^MX2 6 a-2 6 b(7)TfflJ^P*< ^ K^l 2 1 b 

•t^x<D^»{mi:^n:ho m2 i bTi/^^i^Tfettr^Sj^^t 
ztiit. it^mm^-mizmitL. y k^2 
1 bmm^ti^-<^mmizmm^m^-t^zt^m 

mit^ti^o zttizXoX. m2 1 b(D-t)uyr'7-(^ 

*iilII7 1 <r)mmmiZ7f:^tiX\^^ho m(D/^9 9' 
lLm.xm^(n^v ■7'26a-26d (nALU\Zl%^tlfzy 

ffi. ^i^tlJ:oT(i^^'y K^2 1 b c7)SftXflT'ffiffl 

t/^'^-;' K^2 1 Tii^^ig^L^vMt^fimS^^i-^^^ 

^<^X 2 6 a - 2 6 d ^^^^^ > ^' L/:f^H[?a*^ tL 
^'^-y Vm2 1 bti. ±I£^[^«IH, -«^^m7tll 
J:oTil^^ti^o n AXti^ >^^X-r >^;:>^Vs-»; r 

[0 15 8] 9^ yVm2\ hi)'Bmm^^^^^^^^ 
^> Mi L < ^v^^^ V y Vm 2 1 b03P59^li. m^<r>^ 

m^^riho ^Oit^g-, ^»4'-7^ h UvX Mia:- 
>i^*XfIf4Ul^t^ti^o ^'y^>^B#r«^(i^2 1 bfi 
\'r^:^y'^>Cf'thXnUY^'^t'iXh^i)^. m2\hi)^ 
?BR£^n.-i)HuH7'7X-7:L*yf- • X h -y 2 1 a 

OXtlffML. •7'^Xva:--y-^>^XfMtCj;o'C^2 1 
b7!i^Ili^^ti/jf^lcyvX-rjn. y^ . x h y y^^l^i 



[0 1 5 91 C0 7'n-tx<7);>:(7>XfIli. 7 2 
ho ^Onrttftli. 117 4 (7)^ffi[i]<hia7 3 0lgfffiia 

<7)5S(i, »i L < ii. T'/M X 2 6 a - 2 6 d C07^-/^' 
fl-C, (117 6 U^^n^ J: d II. ^ ^ y K+«|0^ 2 3 

i)m^^(oAi[zmf&^fi. mt^fi^o ^m. ^<y h\ 

[0 16 0] >k(r)i:mt LT, T-v^wxcoxasmn. ^< 
(i. 9i<o^wmmmzi[iy)nif hti. ytcDmui 2i±m 

m^^'m2(D^yy Vm 2 1 b(7)Xg|5^L< iif^^SUffM 
tifzm^. l.mi^J^±(n^ y y'<DmW:i)^^ y ym2 3(0 

±mizjfm^titz^m^^y vizmm^^hti^o -ttn 
hiz^ ^:=~^y y'-^<Dm^mmm±(D^(^s&^^ hn^ti 

m^^hti^X nizmw^y V<DTm^z^;bo ztiizx-o 

<^^yy''-^<Dm.^mm^i'i^f^'t^fzibizmmm^ 
mmmizmmx^^ho 

[0161] mi 2 izm^tifz:^ rm^wxmzi3\.^ 
X. -y ymi)':^rm(D±{z^m^ti'i^^o 

::^rm^'Um^Xit^^izmitLfzm. Mm^^j:^^ y 
vmi)^WlB.^ix. yy V • 7> K • 7;u?J-ft^tL^o 
r/folf^Tii^'TtlE^-T-VN'-rxoi^^ J: 0 ^>M75^^I:^I^ 
^i^. W®$tL/j^®ii^' V y Vm\H\zhho ^(7)2^ 

CMP7'a-tX7!if±IH0^ V y K/ScoffMl^t^tr 
[0 16 2] giJ<7)7'n-tXcO^Be^J-eii, 1 m\^XAL(nc 

31 L fz Ttstaffl* ^ ^ it ^ ^6 Bu 1^ ^ n ^ o itmm 

•z2Tm\r&<ncu?^mim^^X'^ho m7 2\z 
Tf^^ixtzumk. mim^'i9-^y^\t. ^^9->it^ 
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[0 16 3] 3rv^•^'-^>^^7'^-trX^7)S^JO^^BCT<!: 

tfo ^(Dm^k. ^77*26. f'^^'f X 2 6 a - 2 6 c 
li. 117 5jS:CK7 7 nm^fi^XnlZ. 2 6' . 2 
6a' . 26b' ®.a''26c' {Z X ^xm^^^.^ hti 

[ 0 1 6 4 1 EI 1 2 2 K me 6 jb^ 7 6. ms 3 

^')\^mt^{zmm-thzt^^x*^ho Mx.i^. t i 
02 . W03 . s i Nx . xit. s i m(DX n ^^-mmn 

Si. xit. A''')-r-^u(oxn^j:mm'^\>z 
^jj^ffls^tL^o ^±mv-y^vify^mmib^^fifz 

«WBi. tmM±^mo:>Xn^^\'^<n±m%^t. 116 6 
7I;M7 7U^$tt;^^^?£=^ffifflLT7feif?^£&^ LTI^l^ 

\z^^^t^zti)^xbho m^^tfifzm<nmnw^t^^ 

ritmxni^±^^^m^. nrm4ii®2 1 h(Dfzib{Z 
^gfflLT^> iv^o ili6iAJ ti/jSg ([117 3) 

mmm^^t^^^-m^mi'^-f hfz^\z\^mL 
T-i^=^§!5fl^-r^7'D4rxo-pi]7:;?^$nrt^^o m^^^' 

1 5 50 (a) ) o fl^l^T-VvM X{ia«±(;)^Jl/<y K 

/y ^ >\zw.m.^fih mm<r> (b) ) o sb^t-vnmx 

l±. E L07'n-tX^fflv^T^f^$n^$Pfsj^^ii^7' 

•(c) ) o ^''j-^-ii, mmr^i^xmmr^u 

xcou^;ui T-¥±ift^tL^ (fwJEIco (d) ) o 

h/<y KS:?/^^^ Tii. W-mt^fifz:^^')-^-!. 



[zn^jSL^fih mm(r> (e) ) o it 

%^ T'/ < >f X 7i?igrS5&^ CO J: 9 4' SU CO ^ II flX ^) # 1 1 n 

mm<n (f) ) «L<(if^ (iwiii^ (k) ) up^ 

'-KX hS-f^iSL, ^cof^tc. ¥ffifb. :z^y9 

-t'-v3>XfI. 'RXf/lL\±. fficTDT-V^^f X^5!LaXig 

mznn zt:/}^x^ho r^U y^(Dmm(o^ ^^^-tf- 
ti , :K 'J -7 - 5i ft 4- <7)^^}]£tfc®: C^'-rV X ^ft ^ f^^l.^ 
[0 16 6] I2I7 87iS8 1 IcP^-f '?>mf3^ tlov^T 

-7 ;u ^ ^ -y 7'^ V ^ - HO V ^ r M ti SJ^.0>g 

i'j^'thZt^^X^ho 117 8 H^^^/i7 U -x^-x 
(ga^^fS) TfcfflSJilSv'Xf-Aiiisi/^T, 7tm^t±2 
^(Dmm^titzt:- K5 0 1 ^ 5 0 2(7)P0^O@S^P«T^ 
feii^tiv^o ft^^ti/j#^}^'- K5 0 1 RtfS 0 2 ti. 

$7t«^5 0 Stieiii-^fmcO^tX^ 'y^5 0 6 ^^ 
1-^o #7feX-f -y-^li^f^KS 0 3 tiJ: oT7tvW_^? 
fftf^^tl, iljms 0 3ii/W-=^X^ 5 0 6<7)- 

:^£7)-^®^t&T-t:'- AX7''J y 5 0 4 ^mi-ho ±lt 
s^tfjjco^ffi;6^£bSii:umMi-^o Tt?)^^'- ks o i a 

1/5 0 2 7i^fbtB'2)mftI, 5 1 0 izm&^tlfz-^^ 

u>X5 1 1 ^iiiii-^o itii. STtai^-T'/Mx 
5 0 8 UAS^-f '^S^lilttO-T-r ^ n uvX^iiSi-^o 
uyXitm 5 1 0 (7)/<;i'^t^t^ct "9 *>i^v^®t;f 

Rl>\ ±if}mibhflht^{Z. itim^^-th^m:^'^ 
ho ^ai.>Xl^^tifzifXiimLXiyX\^^-f)K 

miz^z^cx. ^ \j u>x<D±^m^..^.^mB'rhfz 

i^jtliOTt^T-^'-K- K 5 0 1 ^ 5 0 2 (DmiZi'^XLX 
[0 16 7] v^i^nu>X(i, »iL<(i. 

yguude) ) 0>-h^fifflL. ^ n U > X'^ffM-t 
'^ /ji?^)COS^ iX^ t'- A HJ: o T ^c7) h ^fgjfc'T^ 
C^tli:^). SO LNET7'a-txm:oTf^S^tL 
ho m5 1 0cO^M75^iba/ii:^<O#-7-r ^nu>Xco 
ItffMli. nM^L<i±imx^ho m5 l Oco^Mti. 
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K5 0 1 ^ 5 0 2 C0PaTtlS5:ltfb;fx^o 
[0 16 8] K5 0 1 5 0 2 co^li. ±lSO-7'n 

•h y >i>\ afeC/lc. /N'7-2ff?m5 0 3 <h7t:>^^ 
^ 5 0 3 (T^reTOpt^ -7°'; >^^=^K:#i-'5);'ji6. d^'v-r^ 

tifbO^li. m 7 9 ti^^ti'?>J: ^ K5 0 

lS?/5 0 2lcj:oT-ft:6^tc?fMLTt J:v^o 
[01691 [378 TiM 79 HtP ^ n/cHifeWI <h . gl 3 

^ffifflLTt ii^o ^v^i. [13 9 7!;S4 2ii7p^a^ 

[0 17 0] ^oom^trii. EI8 0 HW&e^lll^^fL^ J: 
9llS14^ 3 2 0 ^ I C-f- y 7'13 5 OOMt^Sca* 
SM^ff^fS^^^^^^Jj^Sg^tL^o US 0 tiJ:tLi^\ VC 

SEL. ^TTts^-. ^m^<nx.nUx^^u^n\t^ 

fzW^'?^\z^-ifLho ins 0 i;^^:*x^i: -9 ti. — oco 
>E>o so LNET^'n-bXii. 'E.\^^\zmM'^Mzt h\Z 

%^i)-h\'^hf>.fz'^^yT ^ >^''>- hii. ffitt^3 2 0 
b . air^^SS^ 3 2 0 a. S:?>\ I C -f^ > 7'^ 3 5 0 ^ — 

V^-thfz^. lt!i<7):fJv£^S0LNETHijax.riSfflLT 

[0 1 7 1 1 118 1 n^^n^ct o t;. 

7 10^ LTfl?^Lr t J;v^o f§tt»«7 0 Slim 3 7 

ti^^^x;t:ff^5tr'i j;i^o h 7 1 oii. z:^fS]tc 

vT*2gr«^fe&t;7fe*S'g-t'i>o y h 7 1 Oii. HIS 2tl 



7 0 5 KZ^h^^XhfLho 

[0 1 7 21 mi 1 8 7!;^ 1 2 0 gfjcOTtmi^ 3 

7C (0E-3D) y i^fi?5t;^i-'^$tLrv^^o 

c;^iAj n.-i>o m 1 2 1 (i. ^m^\z^^.^x^ ^^oES 
^s^f^i^i-^^ci6^a3SooEiii7:»>^7t^z«jt^ffli^Tft 

^^^L^^iT-^IJiB^i-^Igl-eab^o Ell 2 2 717^1 2 5 
li^^;a^J;dtc. 7.9-j^m^\t. ^SfcoUfflOBi^ 
^tfo [H 1 2 2 H^^ti-?) J: n OEBili. #*Dfi^;^ 
m^7^>. /^"'y h\ ^WT. '€Effi. ^7>K 
H^^ti-gK/^^-'J-^-iirSgSUct ^^m^^tL^o Ell 2 
3 ti^^ti^ J: ^ II. '-^"'J-v-Bgii, #J!jnfl^;^^^7^ 

^;^=^^-r'?)o tgi&Ttm^-T-'^wxtiii. vcsEL. 

'y7\ liffi^-^ -y 7\ LSI. 7fea5p°p. ffit^i. n>r-'> 

7^^fflA6iA^-C^) i: El 1 2 4 U^^ti/^^ffipiJcT)*^ 

m-^^m^^ho EI 1 2 4 Sfm. VC S E LS 

Xf^it%^^^tsm 1 C7)^j&«7:if7p^fi. EI 1 2 5 H 

Ti/^^o ^ fblIlEl$i^#^2ir^£&ii. EI 1 2 2. 124 
SCKl 2 5 (7)*MWH^t tLTV^.E)a 
[0 1 7 31 m^fi^S^/Tt^S^JzjgSt^ffl^/^Tll^^O 
EBg5'^7'^M1-^tg:/3HJ:':.T. ^^(n^^y^-V 
m^i)^%hfLho Ell 2 6 7^^ 1 2 9 tC(±. ^:7t'; >^ 
•tv^-;u (FOLM) <DWMmi)^ir-'^f\^x^^^ho FO 

n^-<^^'y7\ C S PXiiMCMTj-t^^ft-^^lfflMtc 

>y 7'(0^>^-;u^#'tt=^ff^^T-*'; > ^^1-^^«fc147:>^ 
fffbfi^o EI 1 2 6 tiTj^^ti^ J: ^ tc. VC S 

'^\.ikif^im^^^tsit'm'\% (OE-Bi-Dw) 

16fBK7^/<^^tfVCSEL^, ftffl±ili^^^tf$ 

l'm.(n^x'mm>zmm.^f^. \m%.^^(nit') y y ^ 
Mf&ir:ho VCSELIi. ^ y y''<omi3i.zfZ^^LX . ± 
'}y^ (7T^/<ru^. m&.^ru^. Hit. ^ ^~ 
vTU^) ^^LTOEBmS^^^x;^^;^'- K^L< li 
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[0 1 7 41 mi 2 7 [zm^ti^J^niz^ 
^mmimmwL (OE-m-m mmoEr^u^ 

(OE-Bi-D) fziii::^-t^m<Dmmt^ 

>2)o vcsEL(i. •f--y7'ffititif£:^i:T. m^Tfe^J^^it 

^^v^-;u (FOLM) c7)— ^JfeCajTiif^^tLrv^^o 

-<7)ji7fe'; >^-tv-:3.-;uT*ii. m^s.mt. VCSEL 

'S:±m^ti:m^fzOEm^ (OE-K-DW) 
(i. ^yy'i)mm^fifzMCM<DTmiz$):ho 12] 1 2 9 
(OE-flS-W) tmmOEr^<^ 
(OE-BI-D) h7!i^'ffl^LTv^-^,a;=^Il^v^T[l 1 

[0 1 7 5] m 1 2 8 lw^^tl/jtll:lif*^Ui^V^-C. OE 

mm,<r>±{zmm^ti^o mi 2 6 . 127. 129:5.?^ 

:T^^5^(i. OEBi^7)2i^£K^ 2^>C7C (2D) Vr-f/^T 

mm) 0Em[H<D±m^^ 2DyT ^ ^^Tu 

^ (D:)j{Z\^if^fzisb. ^VMi. i^f^^tiOESif^UffM 

iiOEBgi^cojttf^:.L/^fi^a3^.^ ^^<7)±tii5:tt(btL^o 

^S<om'^izm^))X-$)^ ^ Z(D9 ^ y^^ry^') "r-i^ a > 
izi^mx$)^o Z<Dm}iBi3 yy^') >^'i±. 0EBi;i^2 

K) iZ±i^^^tiX\^^^:^^^m(0$>h^^'^mMt^{Z 

[01 7 6 1 JiEcOil 0 . EI 3 5 7!;M 4 2 , m 1 

1 97iSl 2 OtlfBft^ti/jX^ y ^'Siili. Bi*'; > 

^^i^^sL-jumitii'^m't^fziibiim^ti^o m^i£. 

m\ 2 6RI/1 2 S<nm^. Kv ^/s'/l^rpSgl^-;/ 7'^ 
li. OEt'vWX (0?IJx.(^. VCSEL. 7:th^'r:t 
- h\ ^m^^J:t') ■f'-y7'^L< iiMCM^v^- 
;UC0Amtl^^-<h(OPifl<Oi^^S?ffi^ LTlSfjg-r^ ct ^ ICO 

E-m-DW(o±{zmm^fiw^o m i 2 irvi 2 9 



/</igltii?S-f--:'7'®ii, (^<:T>-V3>) 7'd 

-t;^. ^L<ii. Kr V 7'7'o-trxu J; o Tflje i- 
>S)C^7i^'r-i>2>o K-7^/NVl^f|iSt?^-:'7"ISIi, 

^jx.i^. vy^ymm. m^^^m^. yur^^mm. a 

ho tfz. ^yy^Rx/OEry^^y.\t. i^i:^ (oe- 
[0 17 7] s«Am:^)ffl^-FaT^. m^it^'\tim=^ 

i)^^w^riho ^hiz^ f^3S(7)7t'; >^^v^->'^r- 
[0 1 7 81 12] 1 3 0 ii> '^^^til^:^i:T. ff-^;^:^^- 

^mm^^h^<it^9:^m%n'rhfzibmim^mm^ 

^h:iti)^x^;bXn izOEm<^-'^:^'-t^^^^m^^ 

m^<n^-jy^/%m.. 4^'- h\ ^-^^-^ 
eL<li. :j.-)\'(r)^-)^i}-hX1r^iX(nm^(D 
^mm^fi^-^'th^n\z^ 2«:rS^&co;L^- 

[ 0 1 7 9 1 [21 1 3 1 1 3 2 (7)ttffffi[2IlC 

^ 7 T ^^tj-o n;t'^^ y 7 Tii. X 

£&<7)P«^[Ii) ^gEM-r>i>o W^i^. ^^/^'■;/ 7Tii, 

\n^\^fzm^^y^:^^^^h(r>x. 1 fiw.±coT®«(7) 
\z\im.'thz.hi)^x^h^ a 1 3 0 ic^^a-i) ct 0 ic. 

pTM14S«pIitt7)J£?i^(i> ^^ymzy<^-:z.yr^ 

\th^h.mztsi 0 . -ecofSm^ LT U ^'>(7)SSii2^i^7£ 

m^<r>')^^y\t. 7^^=^ t9/h^v^ri:^:^jT'9 0° -Toffl 
tfi^ti^o '-Ku-7-Bicoi5^(i. m\ on^2 5 0 < ^ 

*^3 0 7!;M2 5 0 ^ ^ >(Omm\^(D}^ y ^X 1 
2^<omim^um-tho IIt5cc0';.if>O5Sti. 7U- 
^coJKiclBc^lSjbtbti. 2^k7tm&^^ ^-'^ 
i'im&'thJ^^^zWm^tlho 9y<yyr(DjfV 
mmi±. ft?iL<(i, 9mic::i^^^^^<ni3yy'')>^' 

i}m^izn^h ^ ^ izj&m^fih m^i^. ^m^^mm 

ti] yy^') >^ir:bmm^mf&-t:b/zib^m. Xv-f 
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V -fv - izmi^X^ ^ ^ X n iZfj: ;ho mi 3 3tCli. n;f. 

oagr^lSri r ^^tf 2 ^iC7C2»r^£Sr u >r ri :^ 5^ tiEIi^ 
^ti^^T-Tlf^'/T^tiTi^^o 3^>^' ^'/^y :7T(i, ftfj 

"7;i.^-7'U^-t (MUX) S.t/r5EgT-'v;u-f--7'U^-t 
(DEMUX) ^ =^?^^ft»#J^ffijt: (WDM) 

IStg^^tTo mi 2 8 H^^n/jSffi^a^T^J^-g-t^. ±fB 

[0 1 8 0] m 1 3 4 tcii. i^iiBiTtU v^^^v^-;!/ 

'7^y^:K^o immmt. VC S E L J: 0 fcfav^^ffi 

i^v^7tmT-S« (OE-ADLES) =^^^1"^^^ 
Tli^ffi Lv^o OE-ADL E S(0*i§^H. T^^Pt^ii^ 

t J:v^o ##<7);'ji6?lffl1-^ 1998^10^12-1 
5 Bi.Z^m.xmi&^tlfz^SMlketam Conference, ^ 
4 [1] Internationa I Conference On Organic Nonlinear 
Optics(IC0N0'4) is\^^X§^^^tifz 3 v A ^ffiU J: 

"Optoelectronic Amplifier/Driver-Less Substrate. 0 
E-ADLES, For Polymer-Wavegude-Based Board Level In 
terconnect ion-Calculation Of Delay And Power Dissi 

pat ion " H{±. 0E-ADLEsmmRi/:^mmm 

^tiX\^-^o OE-ADLESii. 7tm^^«03Xh 

[0 1 8 1 1 Bi*'; ^^^v^-^uii. ^ssc<7)*mT-Bi 

S^S7^^fa^i^^/^«igf4^UJ; i9t«^^n^o m 1 3 57!; 
^1 3 7t:ii, Bi*'; >^-tv^-;u (FO LM) Wit 

i^<o«:i-tL^^-'mmm(Dm^i}m^ixx\^^^o mi 35 

(i F O L M«iif*:<;)ffl]®mT-$> i9.EI136iiFOLM 

- 5^7!i-'is:itfbnTv^^o m 1 3 6 U^^tl^ J: 9 1 

6fiCOMTr2;T. ^^m:^C0— o-TotZ 1 2^OF0LM 



ig&S&:6^3i?;^^'^OT*. FO LMI^r-Ttft-f-tiifti-^ 1 

9^<r>^^ ^^)\^f}^^^-t^o TtTPS^nri^^MT(7)rjr 

ii. 62. 5<^'n>x62. 5<^n>, SOaT^ 
W1-^OT% g$ 5 c mOFO LMIi. (:::ir^a:7)n 

iz. 2^>C7cr U^n^T^i^ ^ mx,il. 16X16 = 25 

6) &mizL<^:^^^ tmm^tifzOE-miz'^^H 

[0182]mi37O(a) (b) Uli. WtL 

v^S:it:^-y£UJ:oT. ^m^W^m^tifzA 5^ c7)SgM 

II J: o xmimizm^mRVitm^ i^mm ^ntzvcs 

E L7:i^'?#ibfL-2>#^-^giH>^i-^ FO LM«itf*:(7)-a(7) 
mm^'^^^nx\^^^o mi 3 70 (a) SO^' (b) T^^fb 

ii. $IM^J11^lit;m^&^li|^^^a. VCSEL--0 

m^mm:/)'^m^iz^7^^ X n ic^^o *tji o ^ >x 

1 0 ^ n y(r)t~V-(nmm^^'t^V C S E L 

Tt^.ii. it^'^m^m^tifzmm±izm^L. m^mi*^ 

[0 18 3] F0LMm^i^(Om^y°^-t:^<D-~'mi^. 

>; ^ ^ rm^miS.ir;bj:m^^tso m i ^o.-kv ^ ^ rm 

m^^^^tifzm. :j>9 9 hy^y KS:t/mffi7!>^'i^° U -r- 

m(DmM±izmm^ri^o vitw csELRx/^it 

)\^'} y Viryv CSEL7kXf'^it^.=^\t. n>^^h/< 

y KlI1g^1-^^.'d6A u/S n/A u^JSt£^;6M^ 

^ < T'^iiVC S E L±UtSS^tL^o RMliCMPH 
J:ot:Ti0^t^=n.^o mmi9 y -y K7 y^ft^"'; ^ ^ 
f-'^ (Xii. i^^^^mSftpftg^'-K^v^) i)Wmt^fi 

ffllj^v -y K^IIrtt:ai6iXi ti^o 4 5' fO^ffiii, R 
I Elkif\y-'^l%m<Dl n ^£±M<r>\nfii)^<Dm^y'^t 

\:.^mms,i)mt l < (ivc s e Lomssc/v^iiiv 

C S E LfflcO/< y KB:;>VZ(i>'M r ^J^tt^-t^:>E,/^a6 

tcf;Si:T. CMPT-¥±afb^n^o a i 

y^it^^y YRlf^'^^r^i'^^SL-fhfzibW^^^Li (i^^ y 
(0 1 8 4 1 m 1 3 STiS 1 4 5 11^^ J: o II. IS 
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(sSti/Mi, > 5^-;^'--»f-) (OE-IP) . 

vjU-^-^ y 7'^vi-;U (OE-f i Im-MCM) =^ 

imtrmmmvit^^^izmm^tiw^o oe-ip 

it. ^yy\ C S P^L< liMCMi. #^^L<ii^ 

a{iiftJ!gL/j:^ft^[5)i::^ffiri«»^;fx»^o oe® 

(i. i±Ay^i;K>-r>r >i^\ TLB. WIT. ^®t£fi^:. 
S.^>\ *ll#g^^ 5, 3 3 4, S 0 

ffl^^x^*(l#ltmil^0 9/ 1 9 2, 0 0 3-§-(5ga« 
i::fE®^^;'cMA J I C^-;=^ h ^ v a 

<?) O 

[0 18 5] -4^^mizxh^m^^\^n^oE- 1 p(i. 

a^(7):^ttr*0E- I PHBem$ti-/j#SSc<7)7t:iif,. SD^' 

^D°D^^tfo mi 3 S iZTTs^tifzOE- I PO-^J&^U 
tcib^v^T. V CSELRZ/'^±mi^i±. OE-IPOrK 
';-7-Jliuai6^i^x>i>o E 1 4 1 VC S E Leo 

- I F±<nitM:^^^m^^fl^o ±mit^ H 1 4 2 tlTj^ 

^ti^x^{z^ ityr^/^. yty T ^ /^r ^ -f>t- 

« (EA) ^m^OX^fj:miF±ryU :^^^iso 
[0 1 8 6] mi 4 6 tcii. OE" I F itmS-Mi^i)'^^ 
yy^/C S P/MCM^^MUJ^tLH 1 3 8X^/1 3 9 
c7)^|^i:liR^+ffliJi:SBE^tL;^cC?iJ=^^i-(ET'*^o VC 
S E LS^'-^ Y^Ai^- Kli. SffliJ®ftia<7)0E@tl 
mb'^tfiho [D 1 4 3 IC(±. OE-IP coWiJtl^^ 

^n/j-f-'y y/MCM-^<7)7tffl5:a*s^iix./jOE- i 

P£0— ^ijT^i-'^^tLTv^^o OE- I PiiOE^tfJf^L 
T<>J:u^o -r^^^> VC S E L ^STfe^T-fi, /SfJJS 

[0 18 7] ^m^<^OE- I Pli. flbcoOES^^tl 
fflS5:0?f^T-f$^^tl^o mi 4 7SO'IlIl 3 8liOE- 
I Pc7)«iSpijT-$,*5. mi 3 9Xt/mi 4 StlliOE- 
flg-MCMCO^iS(^j7!if^$aTv>-6o mi 4 4SC>'1 4 

E-Ji-MCM7:>^'^^tt-Cv.^^o ^(7)-7 vy;uffl£ 
OE-gi-MCM7i-'iife?ij7fe'J ^^-tv^-^u^ 
LT^gfflT*!:^ J: ^ lli-^o mi A AlkVFl 4 5 UtP^ 



^ufflSifilSii. ^7L\^. it\%^<ryit^^i-m<ryiiyy^') 
yf. jH±. fficoOE- I FXitOEm^<OiJ yy'') > 
* fit-f ^ ^ t'co # ^co @ fit) 60 i6 ^ffl T- ^ o 

(FOLM) XtiTtv^ >/N'-^ffM-r^/wi6H tffl 

[0 18 8] m 1 4 9 5:0*1 5 0 tlTp^nT 

r:d^hm<Dm^^(^itm'f'mmi^^iznn fzi^. ^y 

y''±izvcSELt'S:±m'f'(^ru^^mmitir^o L 

*9 4^7!fMg:V^o mi 4 9 llTj^^ti^ J: ^ IC. VC S 
E LRl/'S:±mi^(Dr U ^ ^^iHmzmidihttifzyi''') 
-gg (OE-Bi-D) ii. xv- Mi'^-tr;i.h[Wli:i^tg 

(i/<>f TX^|f^V^Tf^gc^tL'2)o m 1 5 0 [ZTf^^n^ X 

m^-Bi (OE-Ii-DW) ^j^fllLTf^s^r-l^^o x-r 

- ^itmi-lkXfV CSEL<Dru^ 

%mizmm.'rhz,t{z^^x\'^m^fi^o ^mm^-^ 

^ ^'(OX-T- h t: y ^'^rtcoVC S E L/^Tt^ 

Mmt^ ^-mit^m-h'o E-m:-D\^X'Si,mt^fihmm 
fz\^[zum.^fi^^.i)^m^\x^ho z.Mzx^. 

[0 18 91 mi 4 3 \z{±^ mm\zy<y ^'^fi 

fzOE~m(n~''^mmi)^7r^^fix^^^ha mi 4 30 
(b) (owMmuTj^^n^ ct^tc, mi(0'^mm\&^& 

liMCMii. ^^mm&m(nmm\zmm,^fiho m \ 4 

3(7) (a) (Dm^miZTf^^fi^^iiz^ Z>kit^'y^- 
)V^m'Wi\z{'^mx^^X.n\zfj:ho »f L<(i. 

fifzmmm ^ 3 ^^^tu^ v ^ - ^ z^^^^^^g ni^:^ 

^ o 

[0 19 01 OEWiJEIS&S^Xti-^^'-'-K 

- V^^tsXn\>z\m.^hZti)^X^ho mi 5 1 ti^> 

OEmm^&WL (OE-PCB) li. 

»iL<(i. 4 5'' mmitij yy'y-^my^^xoE- 
MCMizitm^izmm.^fi^o ^fimv(oit'^ y 

E-MCMF*9C0VC S E L=^SfiJfflIi-^o -SBtOVCSE 



!t$§fl2 0 0 0- 1 1 4 5 8 1 (P2000-114581 A) 



[0 1 9 1 1 la 1 5 2 t;ii. MCMrtSO-'MCMPslWTt 

CMrt*+ai:iI*g<7)/;i6ffiffl?ti'i)o 111 5 2lZ7F^ti 

a*S1-^o ^ 1 (OOEflili»2<OOEIjilz<>*^^?n 
>i>o »2O0E^I4, MCMFfl (pijx.l*> KF^) O 

4 -f-y 7*MCM5r«^t-t^o ^1(D0 Em 2 (D-S:m 

[0 19 2] HIS 3RV'l 5 4 MCMI*gS.t>'M 

la 1 5 3 ac/l 5 4 i T IZ, j|:?SS&, s 

::tLCJ: oT, H 1 5 2 (C^^^XTt^i&Wi <5 
[0 19 3] 

7\ C S P, MCM^L < l±*'- K<7)P.gT-{i-^4-*£-&-r 
hmzm^X'h^. 

[0 19 4] i.u<nmmx{t. ii^{z%mmzmLx^% 



if£L%i,^t-hmm^V^mhi)^X-h^no ttz. ±fe 

1 iiJfeCT<75tifi£;iii-c*^o 
[Ili4] :^^^m^~^h-^itm^r^<^ 7<nw^\-^mm<r> 

[US] :$:5&gqtcJ:^5:7l£«i=-T'/<^X(;)S5 2«i&i?iJ<7> 

mmmxiih, 

[me] ^5§gqi;J;-S.'S:7fe«i=-rVNMx(0^3«*Si?'Jw 
[117] ^^^Kih itWf-^ )V^^y -f^ V zL-iun 

m2mmm<nmmmxh:ho 
ims] :^^mi,zx^mm^itr^<^ 7(7)'mmm<Dmm 
mx'^^o 

[119] ^^mizii>mm^itr^u 7.(r>Mmm(o±.m 
mx$>ia 

[HI 0] :^^wnzxi>mm^itf--^u T^nmrnmcom 
[Hill ^^^wnzx:hmm^^yt7--^u 7(Dmmm<D± 
imi 2] :^§imi^^^i^^mmoyi'^myjm<r)m.mmx 

[Hi 3] ^IS^ici-s-rStSS^oflsiSi^^fficoiJiB^H-e 

[HI 4] ^§tmr^i^is^mm(oi'fm:f5m(^ummx' 

[HI 5] *l§i?quJ:-&fg14ffi«wfl;|!i:^r*<7)t!ii3^Hr- 
[HI 6] *l&B;5UJ;-i.rg1±««(7)flHSi:^rtoiJiq/5HT- 

[HI 7] ^mmi^ii>im^^nimiim(r>mmmx' 

(HI 8] *§§fy?l^J:^?5-i4aiSOflHfJ:^r£^i^9!HT- 
[H2 0] :$:%il/3UJ:-i,rS14aiS(Of^S*r£-c03i?l3Hr- 

[H2 1] :$i^mi~iii>xs\i&u<r>i'^^:^m<r>mmmx' 



'6 o 

[E12 21 :*:|§qgu<t 1 Ot^u^^ -y -7'^ v ^ - ^i- 
[III2 3] 1 Ov;!.-^^*^ y^v^-;!. 

[112 4] ^mMi^^^^l(r>-7)V^-^yf^i/sL-j]. 

[112 61 ^^^Miz^^^ 1 (D-r y y'^i; ^ - }U 
[112 7 ] '4^^mi^^ 1 cov;i/^^ y -7'^ 

[02 81 ^^^UJ: 1 ^0"T;v-f--^;y -7'^ 

V X -r A ^t!i C7) V X f S ffl ^ ;fl ^ ii ^ n p^p 

[112 91 1 <7)-^;u^^ y -7'^ 

V X -f A S CKffi (7) V X T- A ffl ^ tL ^ ^ SB p°p 

^ Sf^i- U -e * o 

[113 01 J: 1 (7)v;U-f--^ -7'^ viL-;i. 

-> X A ac/jt!i(7) V X -r A r-ffiffl ^ iS« ^ a/j^p^p 

[113 11 ^^H^llct^m 0O-r;U-^-^-y JL-^l- 
v;^ -r A t>Mt!i(0 V X -f A TMseffl ^ ^ ti/:^p°p 

[113 21 :$:|§B^Hi;^i?2cov;i/^^y y^vjL-;!^ 

[113 31 ^f§0;5HJ;^^2co-7;u^^'y y-tv^-;!. 

V X f A cOfll^lIT-^) ^ o 

[113 41 ^|§0^tzj;^^2<7)-v';i.-^-^ vy^va.-;^ 
>' X -r A cT^fll^gi-T:^) ^ „ 

[113 51 ^^m^zXihitW.^-^f^'^'^yy^'^'y^-}^ 

[113 61 ^5§0>gm: '^^m^*-^^'^-^-^ V y^v^-;w 
S^Sc7)ftfc0^iS9^iJ^7Pi-fl}iSlIT'*^o 

[113 7 1 :^^mizx^itm^'^}^'^'^yy'^'J^-^^ 
[113 81 *^0^UJ;^7tm^-^^^^^';'-7'^ 

[113 91 ^§%mi^^^itW.^-'-^)^'f-^yy'''^i^'^-^^ 
[114 01 ^l&B^tcJ:^7t'ET-'^>'i--^^7 7'-tv-3--;u 

[114 11 ^TtmT-'^^^-f--^ v■7'^•y^">'^ 

[114 21 ^^^miz X hitm=f"^ ^i^^^ y y^'^'y ^ - }^ 

(114 3 1 ^fg^U J; ^TtmT-^^i--^-^ -;/ 7'^ 
3£«(7)ft!i<7)f^S:^v£^7)Si^lIT'*^o 
[114 41 :$fg0^tiJ;^7tm^--7;u-f--f-y7'-=evjL-;i' 
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[114 51 *^93iCj:^7femT-7^l--^^ *^"7'^'>'-:L->'^ 

[114 61 ^^^miz^^itm.'^'^^^'f-'^yy'^'y^-^^ 

[114 71 *l§^lcJ;^7t:m?-v;u-f--^-y ^'^v^-;!^ 
[114 81 :^^miZ^^itMl^'^)^^^yy^'^i''^-^^ 

[114 91 ^§^mizj:^±mi^-^}^'^'^yy^'^i^^:=^-f^ 

[115 01 ^5§?gicJ:^*®^-'7;u^-f--y 7'^>i-;u 
3S«c7)ft!iC0f^-S:^ffi(O|?i?giIT*$)^o 
[HSU -4^§imizX ^^m^-r y y"^ i^^ :L - )U 

[115 2 1 :4^^mi^X^it'^=F'^)\^'f-'^yy'''^'y^-)\^ 

[115 3 1 :^^miZX^±Wl^'^)^'^^yy'''^i^^^-)^ 

[115 61 :$:|§0^m:-^*®^-7;u-^-^'>-7''t>^-;w 
[115 81 :$:|§f?gm:^7fel£T-7>'l--^^-y 

»1som(7)f^S^:^rftcoijif?giiT^*^o 
[115 9 1 :^^mi^^^'JtW.^'^fi^^'^yy''^'J^-)^ 

[He 01 ^^m^^^^itw.^'^^^'^'f'y y^'^i^'^-)^ 
[116 11 :^^mi^^^ytM,^'^f^^^yy'''^'y^^-f^ 
[116 21 ^§^mi^^^itmi^'^)i^^^yy^'ez/:i.-)i^ 
[116 3 1 *5§?^i::cJ: ^7tl£^-7^t'-^^ '^-7'^v^-;u 
[116 4 1 -4^^mizX^±m^'^f^'^'^yy'''^i''^-}^ 
[116 51 -4^^mi^J^^itW,^'^)^^'f-yy^'^i^'^-f^ 
me 6] ^^mizx;b±mi^'^f\^^'^yy''^'y^-)^ 
me 7] ^^mizx^itm^'^f\^^'^yy^'ei^'^-}u 

[116 81 ^^mi^^hitm'f'-^j^'^'^yy'''^^^^-)^ 
me 9] ^i§?gicj:^7fem?--^^i-^-^-^ -^'-tv^-^u 
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[07 1] ^^mi^ ^ ^itm^-^ j^^-^ y y^'^'y ^ - }^ 

[117 6] ^mMizx^±m^'^)^-^'^yy^'^'y^-}^ 

[1217 8] -4^mMi^^^^^^mMCUi^>^7'/^<Dmm 

[ma 1 ] if^^m\:-^h 3 -^kitucwy t.^ u(DmMm 

[118 2] ^f§S^ll J: ^ 3^^7uMCMvX-^ACO|5i0^[Il 
Xhho 

[118 3] :$:f§R^Olt!i(7)yn-txtie£o-C^f^^fL-?,ft 

[118 4] ^^0^(7)^tli<7)-7'n^rXCf^oTS^f^^tL^ft 

[118 5] ^wn(r>m<^y'u^7s{z'ijt^xm:\'^^ixh^ 
fSr-VNM xsc/SrSIS=^^Cj"»Bi<7)-'^j&«<;o«E^lir* 

[118 6] *:§&0^cOjtii(O-7''n-trX(ia&oTSf^^tt^^ 

o 

[118 7] ^§§0;5<7)lttitO7'n-txnt^o-CS^f^^tL^i6 

[118 8] ^5§(jq<7:)ffi0 7'n-trXiIf;toTSf^^fL^lfe 

^ o 

[118 9] ;$:f§?gc7)ji!iO'7'n^Xi-f^or^f^^ti^4B 

[119 0] :$:^?gcoftli(7)-7'n-txnfieoT-Sf1^?n^« 
fSr'/N'^xaO'iffW^^tfiSlliO-^jaPflOffiltgll-C 



[119 1] 5^§£^<7)jtfiO-7'n-bXtc{^or§Sf^^n^i6 

[119 21 ^5§?g<7)ft!ii/)yn-trXtl{SoTSf^^n^lfe 
X$^h^ 

[119 3] :$:f§0.gcOftfeO7'n-trX(ie^oT$Sf^^n^l6 

xhho 

[119 4] 4^§&0^<7)ffiO-7'n-tXHi^&oT-Sft?n^4fc 

[09 51 ^%0^(7)^t!iO-7'n^xt;SfoT^f^^;fx^Jfe 
Xhho 

[09 61 :$:|§0^Offi(7)yD-t:XtlSeoTSf^^tL^^ 
[[119 7] :^^5§0>q<7)ffitO-7'n-trXlCt^o-CMf^^n-2>« 
[09 81 ^IIS^cOjtfecT^yn-bXlca&oT^fl^^fi^lg 
[09 9] *^0^UJ:^«SSaS:O^'^S*:^ -/V'^-^^JB 

ji^^ h-m<Di5m^'ii^^x^n^fifzm^^^m(o-mm 

[0 10 0] :^mmz^h^mikxfmmitiiyy^^-i 
r^^SL-th- m<Dmt: \z'ij^<^x^m^Mz mi&^m <n 

[010 11 ^mnr^^^mm.'BLifmmitijyy^y-^ 

mm<nmmmxhho 

[0 10 21 -^^^mv- ^ h^mikxfmmitii y y"^-^ 
mmmmmxh^o 

[0 10 31 ^mm^^mm^rfmm±ii yy^y-'k 
'^m'rh-m<n')jm^\jt^x^m^fifzm\mm<r>-m: 
mm(r)mwmxhho 

[0 10 41 ^^mr^^^m.mikxfmm±ii yy'y-^ 
mm(nmumxhho 

[0 10 51 ^mm^^^WLmikifmmitiiyyy-^ 

ffM 1- ^ - i^J CO :^ v£ i:: o T ^ ti iffffiSS^ o - ^ 

mm(r>m^mxhho 

[0 10 6] -^^^m^z^hmmikifmm^ioyy^y-^ 
ffM i" -2) - P>J to :^ v£ ti f/t o X ^tifz igrSgS® (D-m 

mmmmmx^^o 

[0 10 7] -4^^miz^^mmRi/mmitijyy''7-^ 



if$B§2 000-1 14581 (P2000-1 14581 A) 



[mi 0 81 ^^mizx^mmRvmmitiJ yy'y-^ 

[[2 10 9] ^^m^zi;hmmRrfmm±:^ yy-y-^ 

[HI 1 01 ^§^miz^^mmRvmm±:^ y-^y-^ 

[mill] ^^m^zx^mmRvmmitiJ yy^y-^ 
mm<nm^mx$>^o 

[HI 1 2] ^§^mizx^mmR(fmmi^iJ yy'v-^ 
[HI 1 3] ^^m^zxhrnmRz/mmitiJ yy^y-^: 

[[2114] ^^0j?UJ:^n--^-[pi|z;§^<7)-||JS^iJ(7) 

[HI 1 6] ^mMizx^bmimm^^tsm^^miJ yy 
[HI 1 7] ^mMizx^bmimm^^tsm^m:^ yy' 
[HI 1 8] ~4^mMizx^mum^j:3^kytitmi^mmm 
[HI 1 9] ^§^mizx^mm^j:3>k7citm'Fmmm 
[HI 2 0] ^^mizx^mm^j:3>kytitm^mmm 

[HI 2 1] ^5§0;3H<J:^Ztl^Si^fflv>T7t1[£^8ic7)t» 

[HI 2 2] ^^mizx;bitm^m(^m^<^^mm<ry^ 
[HI 2 3] ^^mizx:h~/tm'^m<om^<ommm(n^^ 

[HI 2 4] *%^ti J:^*m^-BgcOfI^oo^JffiWcO0& 

[HI 2 5] ^§imizxh±m=Fm(om^(^'mmm<r)^& 

[HI 2 6] ^^^m^zX^mit') (FO 

LM) (D—mMMMmmmx^^o 

[H 1 2 7] ^§^mizx^m±') (fo 

LM) O-HifiMOffl&fflilMHT'^'&o 
[HI 2 8] ^5§gqni:^ag7tV >i5'-tva.-ju (FO 
LM) t7)~^Jf£piJ(7)0&fflraHT'^^o 



[HI 2 9] •^^mr^X.hmit'} >i^-tx^-;u (FO 

LM) (n-''^mm<D^mmmxhho 

[HI 3 0] ^f&Wm:^F0LM«ig<$:c07tmT-BiO 
^IMmxhho 

[HI 3 1] '^mn\zxhFOLuitn^m<r>m<n'^m 

[HI 3 2] •^mmzi^¥OLuitn^m<om<^um 
m<r)^±Mmx^ho 

[HI 3 3] ^f§Wm;>E)F0LM7t«T-Kc7)M^^>i>^ 

mm(nmmmx^ho 

[HI 3 4] :$:§§?giCJ;^ FO LM7fe«T-Bic7)M=^>£)* 

mmo:>^mMmxhho 

[HI 3 5] ^m^\zxhF0LU(D-'^mm<7^^mm 
mxh^o 

[HI 3 6] ^#§0>gi:J:^FOLMO-||JSi^iJc7)±SH 
[HI 3 7] (a) (i^^g^Ui;^ FO LMO-^J&piJ 

(o^mmmxhn . (b) it'^^^miz'ijt^x it ^n^r 

y.i)m^'^tfifz (a) (7)^ifepfJ<7):K';-7-gco± 
MHT-ib^o 

[HI 3 8] ^^^mr^X^^yy^'t. ^yy^-^^X^^y 
^-'y (CSP) v;U-f--f-'y-7'^ (MC 

M) ^uigL/^Ttm^-^jfas (OE-ip) <D-mmm 
(nm&mx^^o 

[HI 3 9] :$:|§f^Ui^"r;U'f-^^;' y-tv:3.-;unii 
L;^J7tmT-:n^ffg|5<7)1ft<7)^JfeWO«i£HT-*^o 
[H 1 4 0 ] ^^0>^§ti J: ^-^^t-^^ 

[HI 4 1] ^f§?gm:>S-r;u-f--f--y y^v^-;^^! 

Lfzitmi^iftwu(o'^^£^(ommm(^m&mx$>^. 

[HI 4 2] :$:f&H^m:^v;u-f--f-y y^vjL-;l.Hjl 
L *«T-^Jf ^J&piJ ofi}^ H * ^ o 

[HI 4 3] 7femT-^}*aoMffit^«^^n/^-^'y-7V 
;u ^ 7'^ V ^ - ;U'-^c7)7feffiSiI*g ^ ^ TfemT-^ 
JfSB O glj (7) ^ffi jUj CO ^iS H T- i) ^ o 

[HI 4 4] :^^mizx^nuyi^^i^r)\^ms.mi^^ 
^t^itmi^^i^^<n-'^mm(Dmj&mx$)^o 

[HI 4 5] -^f§?gii<t^^^^a$-7U^vr;uffisaiS=^ 

^tfitmi^^n^<^-'^mm<r>mmmx$>^o 
[HI 4 6] ^§^m\zx^^)m<o±^:Kmm'^yy'' 

/^y y-^-r X/^° •y vZ-^^U^-f^ y 7'^ v .3--;K7) 
WJ ic ^ 7^:mT-M^gB<75-^S£«^J ^otgfiKHT' $> ^ o 
[HI 4 7] ^5gt!gt:J:^7tm?-BiS:?/-^;^^^7 7'^ 

V :i^-)\^^^'th-mm\(nm^mxhh. 

[HI 4 8] ^%^{;J:^7femT-lli-v;u^^y 
a. - ; uco - H Jfe P!l CO fl? ffi H * ^ o 

[H 1 4 9] '^W^KZXhT.'^- V \i^^)y^(r>Wm\\^ 
ir-'tmxhho 

[HI 5 0] ^^m^zXhT.-^- h 11 ^'■fe;K7)|||te^J^ 
^i-H'C$)^o 



^^m2 000-1 14581 (P2000-1 14581 A) 



[HI 5 2] '4^^mi^^ ^MCUl^icmmRVMCMm 

*») o 

[HI 5 3] ^^mmizXiMCMf^i^mi^RVMCMm 

[HI 5 4] ^^mizi^^MCMf>^itmmRi>'MCMm 

[HI 5 5] ^^mi,zxi,mi!b&ttitzr^u :;^i:m^ 



1 
i 


a 


. 1 b. 1 


c , Id I C ^ y 


9 








A 

H 






1 

1 


r\ 
U 




1 






mm 


o 


u 






2 


1 


, 2 3 


^ V y 


2 


4 


a - 2 4 h 




2 


6 


a - 2 6 c 




2 


7 


mm 




2 


8 


a - 2 8 c 




3 


0 






3 


2 








15112 000-1 1 4581 (P2000-1 1 4581 A) 




1$BI2 000-1 14581 (P2000~1 14581 A) 



[1119] 




36b 



[011] 




imi 0] 



i 



33 
.24h 

-a 

^5b 




mi 2] 



26 



I I 27 



28 



im 1 51 




[H 1 31 



[HI 41 



628 




''f-f r, 

21 
12. 



626 




2Bc 




2000-1 1 4581 (P2000-1 1 4581A) 



[m 1 6] 
[HI 8] 



[H 1 7] 



? 628 



24. 
12 




I 




[H 1 9] 



2S 



24 

21^ — 
12. 



28 

3 Z7x 628 23 




28c 628 




[[112 0] 



[[112 1 1 





[[112 7 J 
164 




[[112 8] 



161 



100 




C27V \v ^Xl59 




i^m2 000-1 14581 (P2000-1 14581 A) 



[1112 2] 




[[22 3] 



46 44 




100 



[112 5] 



26c 




120 



100 



[1112 4 ] 



2B 




100 



m26] 




164 



2000-1 14581 (P2000-1 14581 A) 



[1112 9] 



ims 0] 




i($gi2 000-1 14581 (P2000-1 14581 A) 



ims 31 



[EIS 4 1 



1 20' { 1 24b 

212-/ \ 




[113 6] 




324. )48. 




[1113 8] 



[[114 1 ] 



4$I8 2 000-1 14581 (P2000-1 14581 A) 



[E14 2] 



324a 



im4 3] 






im4 4 ] 



[114 5] 




[1114 6] 

27 333 



350 "0^^^^ 



[III4 7] 

352 27 ^ 332, 




[114 8] 



[114 9] 



330 





352 



[115 01 



[US 1 ] 





^^m2 000-1 1 4581 (P2000-1 14581 A) 



[HiS 2] 



[E15 3] 



24, 
450 



8>>>>>>>>>>:^>>>>>>>>>>>>>^^^^^ 



24 
2t 
4S0, 



454. 



W\\VL\\\V|AMO\\\\^^^ 



[115 4] 




[US 5] 



320a 




[115 6] 





3208 



[US 7) 

^ 457 *« «57 4«« 



[115 8] 



456 ^458 




^6 




[US 9] 




[116 0] 




[He 1 1 



i}$gg2 000-1 14581 (P2000-1 14581 A) 



[06 2] 

36^ 



[116 3] 




me 4] 

I M^330 — ' 









1 

















[EI6 5] 




"so j 



[116 61 
[[El 6 8] 



21b 



[116 7] 



26 

21b. 
12 




[116 9] 





[H 7 01 

[117 n 

21b- 



21b. 



21a 
12 





(HI 2 21 




if$F?l2 000-1 14581 (P2000-1 14581 A) 



imi 2] 



[1217 31 




21a 26b 



21 a 
12 




[117 4 ] 



[I1I7 5] 





[[117 6] 




[[17 9] 



[mil] 



.23 




[[18 3] 





/ \ 


/ S 








GaAs 









P CXlin ) 



?$gg2 000-1 14581 (P2000-1 14581 A) 




^^mz 000-1 1 4581 (P2000-1 1 4581 A) 



[ms 2] 



3<X7CMCM> X--rA(7>K^^g) 



[118 5] 



/ 



B 



n 



■ 



till 



It 



r 



it V i\ " i 




ezo 



[[US 9] 



ms7] mss] 

IS' 






[1119 0] 




7^ vK«S» 



[[EI9 1 ] 



/M7 ^1 



I^^>n UtiP) 




'7 7h;r7 . 



^^mi 000-1 14581 (P2000-1 14581 A) 



m9 2] 



[EI9 3] 





[(119 4 ] 





(11951 [11961 





[(119 7] 



[(19 81 





[111 0 21 




f[$ig2 000-1 14581 (P2000-1 14581 A) 



[I1I9 91 IHI 0 01 [Oil 8] 




[HIGH 




([110 3] 

830- 






[m 1 0 4] 



[H 1 0 5] 





[H 1 1 7] 

B53 



[mils] 

850 853 



20 



23 
24 
21 



2000-1 1 4581 (P2000-1 1 4581 A) 



[(HI 0 61 [HI 0 7] [mi 2 3] [Ell 2 4] 




[Hi 1 0] 

;$.nmiz^'^^^<fi'mM(oi3 'J hm^)^f&-nm(onmm [[gli i i] 




2000-114581 (P2000-114581 A) 



imi 12] 




imi 14] 




850 



[(HI 1 3] [mi 2 5) 




imi 19] 



2000-1 14581 (P2000-1 14581 A) 



[m 1 2 0] 



[mi 2 1 ] 



[lai 2 7] 




*$ga2 0 0 0 - 1 1 4 5 8 1 (P2000-1 1 4581 A) 




2000-1 14581 (P2000-1 14581 A) 



[HI 3 31 [lii 1 3 4 ] in 1 4 7] 



*$ll2 000-1 14581 (P2000-1 14581 A) 



[m 1 3 5] 



[m 1 3 61 



[g] 1 4 4 ] 



VU3 g 




(a) 



(b) 



[HI 5 5] 

(2) fiW8^'<-r xcosea 



Cc) (3> .-t^-;-? 

( d ) ( 4 ) <Piift 



Ce) I t5) 'Ury^jV.^ 



(f > 




<6) 



<6* > iRS?toBfiJc7-atJt'^vi->7* 



OE-W-DW (V) 



*$g|2 000-114581 (P2000-114581 A) 



(in 1 3 71 [m 1 3 91 1 4 81 




4$g|2 000-1 14581 (P2000-114581 A) 



[m 1 4 1 1 



[m 1 4 2 J 



2000-1 14581 (P2000-1 1 4581A) 



imi 5 0] 



[m 1 5 1 ] 




A 



if$gg2 000-1 14581 (P2000-114581 A) 




i|$^2 000-1 14581 (P2000-1 14581 A) 



r i]^^m, iJ'}'7i^)V^r 95129. 
5234# 

T>'J:^^*ll, :^'j'7^;u-r 95129, 
•tj->y-tf, Jl'/N'^- * ^ ;U 4671 
S 137^ 

r ^'}ii'k^m. ij'jy^ji^r 95120, 

> y -if , -t V - ^ - ^ ■ ^ >f 6064 

(72)l&?q# '^^'JTA -f-g-^ 

Tj^'JiJ^^m, i7 y t )i^:=-r 95014, 

f-^f- 11551# 



(72)^^^ vn^> T-r ^-r-jv 

ry :^'J^^;u^T 94070. 

T^'J:^^*!!, :^ "J "7 ;l^^T 95014, 
18457# 

(72)f§g^# v^^aX vji.^ n--r> 

T>V:^^*gl, :^U'7^;u^T 94087. 

854 # 

r^'):^^^m. ii')y^)V^T 95066, 
X n -y ^y • ^ T U , y - X 'J y V • K 
^ ^' 170# 



